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THE FOLLOWING ARTICLES/PUBLICATIONS WERE
REMOVED FROM THE ORIGINAL DOCUMENT DUE
TO COPYRIGHT RESTRICTIONS:

1.  Newspaper clipping entitled "Continuous Alpha Air Monitor Has Been
Designed at ORGDP," no quthor or newspaper given (it is believed that
this article was from a 1958-1959 company newspaper, however, a search
for the article in company newspapers was unsuccessful)
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ANSWERING LETTER DATE

¥re 3¢ Le Sullins supsgcr Camparison of Ee25 and Y-12
Flle— Ay Sampling Eoulpment and
Technigues

Attached, hereto, are data obtained as a result of field tests made
with the Gast, Hi Velocity, and Tornado air sampling units. Qur findings
and conclusions in connecticn vith these tests are sumrarized belows

A. Preparation of the Equipment

1. In 2ll cases, the equipment used had been calibrated for air flow

and inspected for defects. They were concluded to be in good condie
tion. T

2. The Gast samplsr employs a smaller collsction head and is calibrated
to collect sample at the normal breathing rate of man (approxima tely
75 cfi) . Thus, not only a smaller size filter paper is employed,
but a much smaller sample is obtained as compared with the 2 blower
types which sampleat the rate of 5 and 11 cfme The Labaratory was
advised of this and, as a result, they agreed to fabricats a new
plate for the sample and increase ths counting tlme.

3. The smaller filter paper used at Y-12 was a Hollingsworth~Voss paper
and, aince some difference in collection efficiency as campared to
the Whatman 41 might have been expected, testz were run with both
types; the results did not indicate any appreciable difference.

Be Sampling Technique

1. Tests were made on plant jobs in the K~1131 Building. Samples wers
taken under the conventional Ke25 method using the Tornado at vary=-
ing levels (generally,at flocr level or slightly above)j the HL
Velocity at face level in proximity to the operation, and a breathing
sone sample held as close as practicable to the operator during the
job under considsratim. Inradditiom, the respdimtor filters used by
the operator were changed for each job surveyed and used as a check

~against the breathing zone samples.

2. On each job, except where spscifically noted, a Gast type sampler was

run in parallel to the Tornado. and Hi Velocity samplers for camparative
purpocses.

THIS8 FORM FOR INTER.COMPANY CORRESPONDENGCE ONLY
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Since a considerable difference wus noted in resuits ob:ained on the
first 8 jobs, 6 additional tests were made wherein the Gast, Tormado,
and Hi Velocity samplers were sst up in paraliel and expcsed first to
vackground :nd later to opcrating conditions in E-1131, with field
conditions set up to simulate as near as possiole comparable condi-
tiona for aach sampler.

Ce Findings

1.

Re

Se

4.

Se

8.

Te

Initially, the laboratory results indic:ted the Gast samples cbtained
under seemingly comnmarable conditions were high by a fauctor varying
from 3«9 (Jjobs 1-8).

Additional tests, under controlled conditions (jobs 9-14), reflected
a consistent blas by which the ¥-12 (Qast) sample was higher by a
factor of Te

Each of the sampler units were sutmitted to the Instrument Department
for calibration check. In spite of the makeshift (poor) calibration
methods used, in each case, the difference in asgsumed flow to measured
flow mas negligible; the Tornado, however, could not be checked against
its origiml condltion since it had been damaged in ths shop and ree
paired befare calibr:tion.

Counting techniques were reviewed and an independent count mads by the
Health Physics Section on samples which were later delivered to the
Laboratory Group. A considerable differcnce was noted in these results
and subsequent investigation revesled the Labaratory Counting Section
md neglected to make up a new plate for the small samples and were
using the largs disc to which the amaller samples werc tzped. The

disc was found to be contaminated siightly vhich did not appreciably
affect the large sample but produced an extremely high reading on the
emall samples, since most of the plate was exposed during this counte
ing, and the sample amount being measured was infinitely smaller.

The blower type of sampler was dismantled and examined. Poor workmane
ship and maintenance were evidenced throughout in the bearing supfaces
at connection points, orifice cwnnection and mounting bolts. Poor
control of inleakage, pressure indicator calibration, paper holder,

and the use of a small appliance«type motor which fluctuates widely
under load conditions were found.

Oa the commarative tests (9-14), the data collected reveals the Gast
sample counts in 83% of the total sumpled were higher by an average
factor of 1.335. The average count on all samples was_1.732 c/a/ft )
while the average of the Gast samples was 1.753 c/m/ft3.

The variance from ths respective averages was conputed for each sampler
on the § controiled samples with findings as follows Gast -ariance
04378, Hi Velocity 0.581, and the Tormado 4.156. The high variance

in the Tormado results was attributable to one abnormally high results

theelimination of this one reading gave a variance of 0.0749 feor the
Tornadoe.



.
A comparison of sampling technique revealed the followings

ae. Floor level samples - Average 24.99 c/m/ft:
be Off floor level samples - Average 9.03 c/m/ft:
c. Face level samples - (H Velocity Unly) - Average 79.22 c/m/ft:
de Dreathing Zone samples (Gast Only)=- Average 912.84 c/m/ft:
@e Respirator samples - Average 2,334.80 c/m/ft*
fo The face level samples were higher on 67% of the sampies taken by an
average factor of 6.66, as compared to the floor and off floar
levels.
g« The breathing zone samples were hicher in all cases by an average fac
tor of 3.14, as compared to the Gast samples secured at face level.
he The respiratoar samples were higher in every case where they were ob-
tained by an average factor of 4.9, as compared to fice level re-
sults, and higher by a factor of 1.38 in 508 of the cases, as com=
pared to the breathing zone samples; conversely, the brsathing sone
average factor of difference compared to the respimtior sample was
04981, indicating fair correlation vetween the two.

Corclusions

1.

2.

Se

4e

AFBusp

The blower iype of sampler as the advantage of compaciness and porta-
pdlity, as well as providing a sample wnich can be comnted mare rapidly,
thus reducing cost/sample obtained. Its reliability is questionable as
evidenced in its variance; this is occasimed in part by design feaw
tures where leakage occurs between the sampleand calibrated orifice,
paper holder, and motor characteristics. The calibration of flow dure
ing sampling requires close cbservation and calibration by the Ipstrue-
ment Department is not only poor but expensive as well.

Tiis equipnment should bs modified to provide accurate calibration and

insure positive support for the filter paper; repalirs should be made to
minimize inleakage.

The Gast type sampler has the advantage of accuracy in measuring flow,
is readily calibrated, and provides a means for obtaining sampleat
variéd levels with a minimm of effort. It is hsavy and clumsy to use
in congested areas, is not readily portable, and the use of a small
paper with low “low rates increases counting costs.

The purchase of 3 units has been recammended, and it is planned to modif;
thes wherein the pump and motor assembly will bs portable and the collec-

tion head, arm and associated apparatus be placed at strategic locations
for routine usa.

Areas of suspected high air activity will be reesurveyed using varied

lavels of collectim, 23 well as breathing sone and respiratar samples
to re-svaluate enviranmental conditionse.

A wet and dry rotomster and tecessary manifolding should be provided

and a small work area established for routine check and minor adjustment
of the equipment.

Ae Fo Becher °
Safety and Hesalth Physics
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MEMORAHNDUHM

Mr, A, F. Becher

Subject: Summary of Cimparative Air Sampling Data

I.

1.

III.

CSHzvr

Data Concerning Types of Samplers

Three different types of air samplers, the Gast (Y¥-12), Tornado,

and Hi-Velocity, were run simultaneocusly in the same location with
sampler heads in same direction in order to test the collection
efficiency of each type, Summary of data collected reveals that

the Gast sampler consistently had higher counts, On 83 1/3% of the
samples taken, the Gast counis were higher by an average factor of
1.339. The average count of all samples taken was 1,732 cts/min ft3 ,
while the average Gast count was 1,753, Highest and lowest counts

were 2,96 and 0376 respectively, the average of these two counts being
1,86 cts/min/ft”,

Data Concerning Sampling Levels

Air samples were taken at face level, off-floor, and flvor level
locations to determine what effect, if any, the location of the

.sampler had on the collection efficiency, Data collected reveals

that face-level samples were higher on o7% of all samples taken
by an average factor of 6,166,

The average face-level count was 79,22 cts/min/ £13 wh%le the average
off-floor and floor-level counts were 9,03 cts/min/ft’ and 24,998
cta/min/£t3 respectively.

Data Sheet

A data sheet, which lists all data taken and resulis fram same, is
attached to the original of this memorandum,

Ce S, Williams for
Safety and Radiation Hazards

March 13, 1953



COHTINUCUS ALPHA AIR RONITTR
SIGHED AT CGRGDP

The original alr sampiing units, used in the fieid, were composed of a
variety of pumps and blowers designed tc pui: an air samp:e through various
types of fiitering media. These originai unitz sampied at a wide range of
vezocitie§ and air flows, with some designed for high air voiumes at short
sampling intervals, and others for iong-tem or chift-:ength sasp:ing at .ow
volumas of alr. Accuracies were generaliy :imited by the fiow characteristics
of the pump or blower units under icad or iong~-tern useg however, there graduaily
evoived more re.labie constant flow pump units which could be equipped with
necessary controts and flow nmeters to compensate for change in flow. Despite
these improvements,.they had to be lcaded and unicaded manually and care had
to be exercised in handling the individual samples vhich were deilivered to the
wO;ks Laboratory Counting Facility. Heré agaln, each sample must be rehandled
in loading. the laboratory instruments for counting of the sample. The total
samp{g activity re;ults obtained were rscorded and returned to the operating
greup Qho then calculated the flow per unit volume of air sampied. At the
CRGDP this is usually expressed in terms of alpha counts/minute/ft.3 of alr
samplede

During the latter part of 1954, J. C. Balley and 4. F. Becher of the
Zafety, Fire, and Radiation Control Department were able to assembles from
a variety of used cemponents, an instrument which they referred to as a
continuous alpha air monitor. This unit would automatically collect an
air sampie, and four hours iater count the residual uranium alpha activity
which =ay have baen collected on the meving belt-type filter papers this
activity being detected by a scintillation detection tube vhich, in turn,
fed its pulse§ threugh an electronic scaling unit. The final results were

recorded on a trafflc counting-type register which stamped and cleared at
thirty-minute intervals.

e - gy




The instrument was successfully tested ca the prant duriag : 455 and,
in Lctober of that year, design was inltiated tc provide for two chop-
fabricated units. These units were also fieid tested and improvenrents were
added to increase the efficiency as well as to more adequately assure
continuous operaticn. .. contract was .ot during .36 for fabrication of
eight of these modifled units and, by January .58, orderz had been piaced
for an additional ten such instruments.

These improved units are now available commerclal.y and have bsen
advertised or shown at severai nationaily famous conventions.

n total of 20 of these aipha zir monitcrs are now instailed throughout
the piant. Each monitor censists of a speclal fliter paper strip-driving
nechanism assembled together with a vacuum pump, 2 scintiilation detector,
an eiectronic scaling unit, and two recording registers mounted cn a two=
sheif, castor-equipped table.

The vacuun pump draws air into the instrument through the fllter
paper which collects entrained dust particles. At the end of a thirty-
minute coliection period the pump is automatically cut off and the continucus
roil of filter paper is indexed to its next sampling position. “uccessive
collection and indexing graduaiiy moves the alr sample on the filter paper
from the collectlon point to the scintillation counter. .ine indaxes are
required from the sampie point to the counter. Thus, a camplete cycle
for a sample consists of a thirty=-minute coliection period, eight indexing
positions which yield a four-hour decsy pericd, and a thirty-minute counting
pericds thus, the total time lapse between start of a sampilng interval and
the registered count is five hours.

The scaiing unit counts the pulses from the detector and sends an
impulse to the registers every sixteenth count. The half-hour register

totals these impuises over the thirty-minute interval, prints the numsrical

/0
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sum on & Japer tape, and clears st the ceneclusicn of each pericd.  The eight-
hour register i35 arranged ic total every 235th pulse frem the detectsr over
an eight-hcur intervai,and it too, prints and clears 2t the end of its
eight~hour pericd. Thus, the totai that thls laiter unit prints gives the
average ccunt cbtained cn the half-hour register during the preceding elight=

hour pericd.

f.F.Bechersla

February S5, 1799
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1Cane Jarton fonoxide .etector
‘hang ooeraged).

~e Lolorimetric Carbon - onoxide

Melecs ydrogen Sulfide Detecrtor
«Sshe “lectrostatic Sampler

sir-3ampling Yquipment co.
“nzomatic Impinger

“+Sen. "ldret Impinger ‘ump
+Sens J0lL Safsty Lamp
Javis Tapotester '-4

Tavis ialide “eter

Davis Micro-tas aAnalyzer

Continuous Aralyzer for Airborms
Mucrides .

Alnor Velometer
2ausch & Lomb Dust Counter
“e Lo Instantanmous Yapor Detector

Gast Air Sampling Pump,
Yodel ©210-V36-10X

4.L.0.I. Smoke and Fume Zampler
Hastings ifodel f. Air Meter

Thomas iLutometsr

CCYCLCO T L DRI rovmp ot~ oo

R
=Ty L=

~wok TLIal CT0UK, eseribea in

lacsion 2, pp.lihH-ifl,

Zbid. Swetion I, op.lfl-lf?

- - @

roido :ectiO'.'l 4 ppo 159“1\60.

<bid. Jection T, op. £3-55

‘bide Section I, sSpe 17C~ 172,
Zoid. Zeeticn I, . 1T7-170,
mido Saction .‘:, 2 ‘.,'-"”:90
-hid. Section I, -p. 79-£2,
Ibid. “ortatle version of that des-
cribed in Section I, pp. 77-79.
Does ron incluvde racorder.
this instrument, 2till under develope
“ent at the OIGNP, gampl:s air at about
2 1llters per minute .ad continuousl

L y
records tie concentration of fluorides
in the sampled air, The crinciple is
based on the fluoride sensitive elece
trolysis in a3 cell composea of an
aluminumeplatinum electrode cair in
the oresence of a solution centaining
fluorides.
“bid. Section ‘II, vp. 759-76L.
Ibid. Section I, pp. 48-71.
Ibid. Section I, pp. 113~116.

Ibid. Section I, »p. 1C9-110,

Ibid. Section III, op. SL1-542.
“bid. Section I7, p. 750. iess accessories.

lbido Section n’ Ds 256"?57‘
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LB SAMPLING DEVICSS AT THE AR Atemr GASTOUS DIFFRLIN TIANT
ARE SESCRIPTILL
—— oo e
mpeon Jowered Sortatle ALr Sampier it Negcrived

nackman ¥yren Analyzer

Imperial llalide Ieak Detechor

"9 Chemical Tetector Lit

liydrochloric Acid Detector

Armonia Jetéctor

#mragg=0-Vac Yacuum Pump Sampler

High Volume Sampler (Staplex).
tlodified Lo use 9 cm. diameter filter.

1~1/8" Sampler with Gast Pump

Continuous Alpha Air Sampler-
Counter=iecorders

#Listed in 1953

e ———————
gy PR3y v

N
9

in TMESTIIAL " ¥ITIT TUARTTRLY
L]

e 135-138

-

Tolume 19, .[0s 2, June 17°C7;

irrold ©. Peckman, InCe
South Pasadena, Calil. {Zullebtin 105).

ging bhe modified neilstein :est for oalides,
air containing halogenated hydrocarbons is
agpirated cver a copper ring ~eated by a
Srecoolite ilame. The copper-nalides formed
produce varying colors in she flzame. These
are semi-quantcitative neasures cf the con=-

centrations cf the ralocartons present.
rupUSTETAL AWD ERGINFERING CIFMISTRYS

Thnal. 2d.) i1, pps 121 & 250, (1939)
Jo 3. Army Chemical Corps. walitative
rast for various chemical agenis, in=-
cluding phosgene and cnlorine.

Air containinc hydrochloric acid is as-
nirated by means of & 75 ml. hand pump
through a dilute solution of sodium hy-
droxide containing a mixed acid-base in-
dicator. The number of pump gtrokes
required to neutralize the alkall is a
meagurs of Lhe concentration.

Same as the hydrochloric acid detactor
with a weak solution of >he acid as the
absorbing redia.

Samples from 25-30 liters ser min. using
1-1/8% diametsr Whatman Ll Tilter paper.

High Volume Air Sampler manufactured by
Staplex Comparny. Samples =15 cfm. with
9 cme diameter Whatman L1 filtey paper.

Samples from 10-3C liters zer minute using
Whatmen L1 or #illipore fliter.

Neveloped by ORGOPS fabricated by
Juclear-Electronics Corpes 2632-36 West
Cumberland Sbte, Philadelphia, “ae
Samples 5~~ cfm. on continuous strip of
&V filter paper 9 mils. bthick, 4" wide.
Sampling period 30 minutes, counting period,
after i} hr. delay, 30 minutes; limit of
detection approximately 1 x 10~12 micro-
curies per ml. air. Racorders print
average airborne acsivity for 30-min. and
f«hour intervals.
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“izh oiume ampler iStaplex)
si%h wnnular 1-pacicre.

“ooseneck “zmoler with hast Jumn

.rogranm -esey (welays

Timed-ho-rm wontrel Yalves

Timed-to-run, Zlapsed-Time
Consrcl Valves

Impac L0or ~aNUIacLur2d 0y;

Te ©a Jlocomp orpora2dion

140 ozlar 75. ‘ilmincion 7, Telawire.
Zamples auoroxXim Scirn, with im=-
macsicns of sartisl ~reased
plasnzic isc.

Samples avnroximately ey oime '2ing
Whatman .1 ilSer -aper © cm. .riameter.

Propram relay et to asctuate 110 volt
electrical onowsred semolinz nguipment
up 5o 2L nhours later ang o shut down
the same 2quip~ent after some set tire
interval.

Units consist oi Swo 110 v. AL mag-
neticaily sctuatea valves, one for
intake =nd one ionr exhaust, and a
variable si—er widich nav te set Lo
run in units of A minutes &fnrough
24 .ours, They may te used as a
primary power source -{ elecirical
sampling equicment ana/cr .n elapsed
timer.

Units cornsist or two 110 volt AC
nagneticelly achuatec valves, one

for 4ie inhake znd cne -or exnaust,
ana a varisabt “imer w.irn may te

set 20 run in units of 3 minutes up

to 12 hours znd will ingicaze actual
elapsed time in min. w8 70 Lhe nearest
tenth.
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MINUTES OF MEETING TO DISCUSS AIR MONITORING
NOVEMBER 5, 1957

Present: J. T. Dalton, J. R. Mahoney, and R. W. Schede of the Plant
Engineering Division, H. A. Bernhardt of the Technical
Division, and J. C. Bailey, A. F. Becﬁer, and H. F. Henry
of the Industrial Relations Division

GENERAL DISCUSSION

Since the control of air-borne alpha emitters is the major radiation
safety problem at ORGDP, the development of an accurate, fast, automatic
device for the monitoring and recording of the concentrations of air-
borne alpha emitters of significance has received continuing attention.
The major difficulty encountered both here and at other installations
with this problem is due to the naturally occurring radioactive daughter
products of radon. Radon and thoron gases are released to the atmosphere
from the earth's crust, and although the gases themselves are not collect-
ed by particulate samplers, the daughter products, being s0lid materials,
are collected along with other particulates. These daughter products
emit alpha, beta, and gamma radiations, but since the radon daughters
have a half life of only 30 minutes and the thoron daughters a half life
of only 11 hours, these emitters present no radiation health problem.
However, the concentration of alpha-emitting radon daughters may vary

by a factor of 5 to 10 within a single day, with an over-all variation
by a factor of 22, these changes being related to meterological con-
ditions;l in addition, peaks as high as 10 times the activity established
as the maximum allowable concentration for uranium have been observed,2
and the radon daughters therefore tend to obscure monitoring results for
long-lived radioactive isotopes. On the other hand, the activity of
thoron daughters in air is only about 3% of that associated with radon

daughters, and hence the thoron daughters do not interfere appreciably
with monitoring for air-borne uranium.

The practice at ORGDP since the initiation of an air-monitoring program
in 1948 has been to delay the counting of air samples for at least 4 hours,
this being a sufficient period to permit essentially all the naturally
occurring alpha emitters in the sample to decay. Automatic monitors
utilizing such a delay period have been developed at the ORGDP; these
monitors are in limited use and the procurement of additional ones is

in progress. However, the problems associated with the development of

a suitable instrument which will discriminate against the radon daughter
products and thus yield prompt information concerning uranium concen-
trations in the air, and which could accordingly be used both for normal
monitoring and as a device to activate an alarm in the event of excessive
concentrations of air-borne activity, have not yet been overcome.

1 King, W. C., Variations in_the Natural Radioactivity of the Free Atmos-
here at ORNL, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
January 20, 1952, (ORNL-1277)

2 King, W. C., Meteorological Influences_on the Natural Radon and Thoron
Concentrations in the Free Atmosphere at Oak Ridge National Laboratory,

Thesis for Master's degree, Vanderbilt University, September, 1953
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Since the efforts to provide a means for discriminating against radon
daughters have to date been conducted on a more or less informal basis,
it was considered appropriate that those groups most directly concerned
with these developmental efforts review the progress attained and con-
sider additional possible approaches to the problem.

At a preliminary meeting on July 10, 1957, representatives of the
Plant Engineering, Technical, and Industrial Relations Divisions
discussed briefly possible methods which might be considered; on
November 5, 1957, these methods were considered somewhat more fully
and the progress made in investigating some of the factors involved
was discussed. The possibilities considered for effecting possible
separation of uranium from radon daughter products are presented below
along with comments concerning the feasibility of the methods as de-
veloped at one or both of the meetings.

The feasibility of using an alarm device which rapidly counts the
gross alpha activity, but which will alarm only when this activity
exceeds that which might be attributed to natural alpha emitters, was
considered briefly. It was felt that such an instrument used in con-
junction with the present type of monitoring and recording devices
represented an alternative to the development of a single instrument

which would both yield satisfactory monitoring results and serve as an
alarm device.

SAMPLING METHODS CONSIDERED

1. Impactor samplers.

" 2. Use of a coarse filter paper followed by a fine filter paper
in series.

3. Precipitron (electrostatic precipitation),
4. Centrifuging.

5. Alpha-energy-discrimination.

6. Comparison of alpha and beta radiations.
7. Gamma spectroscopy.

8. Radon comparison from "clean® air.

9. Radon-daughter and uranium collection on filter paper, with
comparison of radon gas passing the filter.

10. Colorimetric chemical methods.

11. Flocculation of uranium with chemical separation and counting.

12. Light transmission.

/8



13.
14.
15.
16.
17.

18.

Electrical conductivity.

Sonic effects.

Burn-up of organic dusts with release of radon daughters.
Collection on a heated or cooled impaction surface.
Magnetic or electrical effects.

Humidification of sampled air stream.

DISCUSSION OF SAMPLING METHODS

A.

Particle Diameter or Mass Discrimination

Studies at other installations have indicated that the radon daughters
are deposited on natural dust particles and that 90% of thege daughters
are on particles with a diameter of less than 0.035 micron.3 "In-
dustrial dusts" are reported to be primarily in the particle-size
range of 1 micron or larger, and the use of samplers which will
collect only the larger particles has been reported by other installa-
tions. However, studies at ORGDP, some of them devoted to preparing
particles of varying dimensions, have indicated that the particle

size of UOoFp fumes resulting from UFg releases is highly variable,
and that, in many cases, the particle sizes are in the same range

as the dust particles upon which the radon daughters are deposited.

In addition, one reference? indicates a mass median particle size

of 0.1 micron for such fumes.

“ . Thus, collection methods which discriminate against radon daughters
on the basis of particle size may not be generally applicable to all
conditions at ORGDP, since any sampler which would satisfactorily
collect UOoF, fumes might also collect a large fraction of these
radon daughters, and, conversely, any sampler which did not collect
the radon daughters might not collect UOoF, effectively. However,
such devices would probably be satisfactory for monitoring for
uranium dusts such as UF4 and UO3, and it was considered desirable
to continue the investigation of particle-discrimination methods.
Comments concerning possible methods were as follows:

1.

Impactors

Developmental work on a continuous impactor sampler is in progress
at ORGDP, and commercially available impactor samplers. are also
being evaluated. Impactor samplersl similar to the commercially

Tait, G. W. C., Determining Concentration of Air-Borne Plutonium Dust,
Nucleonics, Vol. 14, No. 1, January, 1956
Stevens, D. C., Air Sampling With the Annular Tmpactor, August 28, 1956,

(A.E.R.E. HP/M 110), Great Britian Atomic Energy Research Establishment,
Harwell, Berks, England

/9
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available ones are reported to collect essentially all particles
1 micron or more in diameter but only a small fraction of the
particles with diameters less than 0.5 micron. However, such
impactors are reported to have actually collected between 1% and
19% of the radon decay products in the air, indicating that

the separation of particle sizes with available devices is not
as sharp as would be desirable. However, it was felt that

attention should continue to be given to impactors as possible
sampling devices.

Differential Collection on Filter Papers

The use of a coarse filter paper to collect uranium particles

and the larger dust particles, with a fine filter paper in series
to collect the smaller dust particles to permit correction for
the radon-daughter activity has received very little attention,
This appears to represent a relatively simple method, and it

was felt that some exploratory work was desirable.

Precipitron (Electrostatic Precipitation)

A literature study indicated that the precipitron probably would
not be applicable since it collects preferentially the larger
particles and the very fine particles, with intermediate size
particles being collected with reduced efficiency.

Radiation Discrimination

l.

Alpha-Energy-Discriminating Counter

Although the alpha energies associated with radon decay products
are greater than those associated with uranium decay, satisfactory
energy discrimination requires a source sufficiently thin that

the alpha-particle energies are not degraded by passage through
the sample. Since the sampled material, as well as atmospheric

dust, would be present in appreciable quantities this method was
not considered to be promising.

Comparison of Alpha and Beta Radiations

The presence of beta-emitting uranium daughter products in vary-
ing amounts in plant locations appears to preclude the use of
the ratio of alpha to beta radiation from radon daughters as

a means of discriminating against these daughters.

Gamma Spectroscopy

Although gamma rays of low energy have been reported to be emitted
from all three of the natural uranium isotopes, the difficulties
of gamma spectroscopy instrumentation, the complication of the
presence of a wide range of gamma energies from other isotopes,
and the paucity of information concerning the gamma emission from
the uranium isotopes appears to preclude the use of a method based



on gamma spectroscopy within the foreseeable future.

4. Radon Comparison From "Clean" Air

The use of a central monitor to measure the natural radio-
activity in the air, with the results being used to correct
the results of field monitors appeared to be possible,
although there was some question as to the relationship
between the radon activity in air taken from outdoors and
that in air taken inside a closed building; especially
would this be a problem where the air change inside a
building is infrequent.

C. Other Physical or Chemical Effects

While colorimetric chemical methods, chemical separation, and
conductivity could probably be adapted to uranium detection,
these processes do not lend themselves to the rapid determination
of results; in addition, methods for determining the mass of
uranium would not indicate uranium activity, since the activity

depends not only upon the quantity of uranium present but also
upon the assay.

D. Possible Conditions Which Might Effect a Differential Collection
of Uranium and Radon Decay Products

Some factors which were considered to represent possible means for
altering the differential collection efficiencies for uranium
compounds, particularly UOoFo, and radon decay products were the
agglomeration of UOgFo by sonic effects or the humidification of
the sampled gas stream, the burn-up of organic dusts with release

of radon daughters, and collection on a heated or cooled impaction
surface. '

The applicability of centrifuging, detection of radon passing a
filter, and light transmission were not discussed.

PROPOSED INVESTIGATION

It was considered desirable that the Instrument and Machine Engineering
Department continue to take the lead in the investigation of suitable
methods for prompt detection of air-borne uranium, and, since many of
the methods considered involve knowledge of particle sizes of air-borne
uranium materials in the plant, it was agreed that this department
would continue an investigation of this question. It was also agreed
that studies with 2 filter papers in series would be conducted along
with the particle-size measurements; Mr. J. C. Bailey was requested to
assist in the selection of suitable filter papers.

It was also felt desirable to do some exploratory work in connection
with the use of heated or cooled impaction surfaces and the effects of

Ll
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humidifying the sampled gas stream. Dr. H. A. Bernhardt agreed to

work with the Instrument and Machine Engineering Department in de-
veloping these studies.

Mr. A. F. Becher was requested to review available air-sampling data
to evaluate possible information concerning materials and locations
which represent the major plant problems.

J.C.Bailey:lja ji?iLdﬂq/tq

57 H. F. Henry
11-19-57 Safety, Fire, and Radiation Contro

ccs Those present
Mr. K. W. Bahler
Mr. R. M. Batch
Mr. E C. Bollinger
Mr. D. M. Lang
Mr. W. L. Richardson
Mr. M. F. Schwenn
Mr. H. G. P. Snyder Y
File - RC
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OAK RIDGE GASEOUS DIFFUSION FLANT
SPOT AIR SAMPLES ~ 1955 — 1956 - 1957%

(*¢hrough Harch)
Location Sanpling Program Status

Vault 31-X Cantdming

Vault B4 Contdming

Vanlt 15-A Contiming

Yauls 16-4 Continming

Vanlt 16-A Qffice Continmuing

Yault 17-4 Contiming

K-27 Booster Stations Contdnuing

X-27 LeRe a0 SeBe Pemps Contiming -

X~33 Feed Roau Contiming

£-33 Section Alunina Trepe Gontiming

K33 Cooling Towss = Special Semgling done as needed for problem evaluation
E=100. Building Contiming

5131 Feed Building Contirming

=131 Solntions Hecovery

<132 Solutions Recovery
Ee30el; Instrument Shop
E=300«l} Instarunent Shop Office
K-300~5 & E~=302<1 Withdrewal Alley Job iudits
E=302-1 Test Loop

Ee302-1 Welding Shop
E=302-5 Cold Trep Hoom

E~302+«5 Proocess laintenance Shop
K=303-1 Cylinder Shop
E=303~1 Seal Shop

E=303=6 Process Iab

o PNV A me————————— ST

o .y g ——s
DA S = > siate wA S MRS o Lt ot =i S

Mscontimed - building in stand-by
Discontimued - building in stand-by
Cantiming
Continuing
Sampling dome 28 needed for Job svaluation
Contiming
Contiming
Contiming
Contdming
Contiming
Contimuing
Comtimying
‘ 23



Spot Air Samples = 1955 - 1956 - 19577
Page 2

location

Sampiing Program Status

K«303-3 & K=303«} Withdrawsl Alley Job Audits
K=303=5 Field Lab

Ke304~2 Pump Changs Job Audit
=304=3 Impeller Change Job Audit
K=305~9 Instrument. Shop

K=305=12 Process Haintonancs Shop
E=306<7 Flold Lad

E=306=7 Pa Wo Station

E»306=7 ligigh Room
K=309«3 Test loop

=012 Section Alumina Traps
E=312-1 & 3 Alumine Trap Job fmdit
X»312-1 Basement

K322 Bgsement

E»3122 Process Maintenanoce Shop
E~312-3 Basement
Eli02-5 Parp Dismentling

E413 Brilding

E=l13 Chexical Maintensnce Shop
E-413 Elsctrical Shop

E413 Instrument Shop

E»l13 Process Maintenance Office and L. Re

601 Sampling
K631 Wagte Disposal
K502 Compe and Comve Change Job fudit

Sampling done a3 needed for job evalwation
Includad with K-303+6 Process Lab

Sampling done as nesded for job svaluation
Sempling done as needed for job evaluation
Comtiming

Contimming

Contirming

Contiming

Contiming

Contirming

Contirming

Sampling dons as needed for job evgluation
Contimdng

Contiruing

Contiming

Centinuing

Contimuing

Contiming

Cantiming

Continmring

Discontimzed - Smetion moved

Temporarily discontimed ~ no alr protlem
indicated

Contdming
Contiming
Sampling deme as needed for job evaluation
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Spot Alr Sgmles -~ 1955 - 1956 - 1957"
Page 3

‘Tocation

Sampling Program Status

E=502~T7 Cell 3 Job Audit

E-1004=A Sampling

X~1004=B Laboratory = Specisl
E-J00L=B Uraniun Analysis - Special
E-100~J FPlutonium Analysis
E-100i=~J Radiochemical Lab

E<102]; Asid Boo and Valve Hepair
X-102l Instrument Shop

£-1025 Pesd Storage Building
E-1030 Electrical Shop

E=1031 Storage

51037 Melter Area
gﬂmwmwcnmaobmait
E-1131 Offices and Facilities
E-11%1 Process Laboratory

E=1219 Building

r~1301 Oxide Conversion

K~1303 Building

K<1303 Chemical. Maintenmce Shop
E-1l01. AeFo Commpo and AsCo Pump Shop
xﬂmmmmﬁo&&m
g=1li00 Cleaming Area Job Audits

&mp]dmgdmaanaadadm;}obavm&m

Continuing

Smpl:mgdmeasmededmmobhnemﬁ.m

Smp]ingdmasneadsdforpwoblenemum

Contizxing
Contiming
Contimiing
Contirming
Cantimiing
Cantimaing
Coatiming
Contiming

SmnplingMasmdedfor;}obavﬂmtim

Comtinming.

Contiming
Continuing
Continuing

Continuing

Mscontimed - functicn moved to E-1420

Discontimmed - function moved

Contiming
Contimring

Sampling dome as needet foX job evalunabion

o e
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Spoo Alr Samples = 1955 - 1956 - 19577
Page L

Location

Sampling Programn Statas

E-1l1 Comressor Dscontamination
E-11:00 Compresscr Decontamination Job Audita
K=1101 Converter Assembly and Retuhirg

K=1L01 Comvertsr Scarfing

Y-ili(l Cooler Assemhly Arsa Job Audiis
K=1100. Cooler Rspair Shop Job Audits
K=a400. Elactrical Shop

K=U). Perrule Removal Area

K=10 Machine Shop Job Audit

E-1L0), Hachine Shop « Special

K-2400. Preparstion Ares Job Audit
“K-240L Spool Modification - Specdal
K140 Spool Modification Job Audit
E=llIl Spool Modiffcation FeBay
E=10% Veounn Pump Shop

=201 Velve Shop

K-3410 Barrier Filter Disassembly Job Audit
K~3410 Decontamination

1410 Office, Locker, and Iunch Room
E-1113 Building

K213 Desicn and Development - Special
E=1)13 Utility Maintensnce Shop

K=3420 Building

E-1420 Chemical Maintenance Shop

Kscontimuzd - fAmetion moved to K=ih20
Discontimmed ~ fimction moved to K-1420

Ceatinuing « included with K-IiOl Cleaning and
Preparzation Area

Cantimins - included with K-l Cleaning and
Preparation Area

Sampling dome as needed for job evalmation
Sampling dons as needed for job evalvation

discontdnuad ~ no air problem
indicatad

Discontinued - Ametion moved to K-1420
Sampling done as meedod for job svalustion
Sampling done as needed for problem evalumatice
Ssmpling done as nsedsd for job evaluatiom
Sampling done as needed for problem evaluatior
Ssnpling done as needed for job evaluation
Contiming

Contiming

Contiming

Sampling dome as nesded for job svalmation
Ceatimming

Contiming

Contimiing

Sampling dome as needsd for mroblem evaluatio
Contimiing

Contiming

Contiming



Spot Alr Ssmmplas = 1955 - 1956 « 19577
Page 5

Location

Sampling Program Status

K-1l20 Converter Detubdng Job Audid
X-1420 Deforruling Booth

K-2120 Rsctrical Shop

K«1420 Large Equipment Decontamination
K~11;20 Process Lab

K~11420 Recovery

L2320 Smll Parts Docontamination
E=1121 Incinerater Building
2421 Incinarator Job Andlb

Sampﬁ.zgdomasnaededforjobevamaﬁm

Contiming

Contdmming

Contiming

Temporarily discontimmed - no air problsn
indicated

Contimaing
Contdnuing
Contiming
Sampn:gdmeaaneedadm,jobevalnatim

Notes Mwmﬂmmmitumﬂwmmtmmﬁmdmmwm
e procedures, equipment and building maintenance operaticms, or surface contaxination
1svels are such that radloactive contaminanta might be introduced into the emvirome

mental air of work arease
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QAR RITLT GASEQUS DITFUSICH Fiaddd

LONG-TERM 4TR SAMPLDNG .~ 1955 - 1956 - 19577
*through March)

location Sampling Progrzzm Status
E=413 Chemical Maintenznce Shap Contiming
E=1L0) AeFo Compe & AaCe Pump Shop Discontimed ~ function requiring monitoring
moved to K-1420

=131 Solnticns Bscovery Buillding Digcontimed - Amction moved to K-ili20

E=1037 Melter Area Mssontimed -~ 0o air problem indicated

E=1131 Peed Prodnction Ares Contirming

E=1300 Oxida Conversion Digscontirned - operatioms terminated

E-1410 Decontamination Discontirmed - primary funciion moved to E=-11120

K=1420 Building Cantimuing

X~-33 Peed Contimivg

K131 Feed Building Meeontimad ~ function tracsferred to E-33
. Area ITT L.Bo & SoFo Pumps Contiruing

Ke306=7 P, H; Corrtinning

K601 Ssmpling Comtiruing

K«63). Hasta Disposal Contirming

k=1413 Building Contimuing

K=1lJ1 Preparation Area Discontimed - no air problem indicatad

SAK:ero
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LOCATIONS WHERE RESPIRATCRY PROTECTIVE DEVICES ARE REQUIRED AT GRGUP

Mandztoxry by ATea

Respiratory protection required for all perscus at a1l times in the Jollowing
locationsg

K~1131 Feed Producilicn - Drum Dumper Area
K=1131 Feed Producticn - Piit Arem

K=1131 Fesd Producticn - Screeuer Roonm
E~1131 Foed Producticn - U0; Flatfarm
K=1231 Uranium Pulveriser Area

Mandatory by Job

Reapiratory protection required for all persons in the affected area whils
gatmaaaopanarunﬁlthejobnatadismletedizeircontamnaﬁ.m
probables

mmms,m“wm@,mmmmamm
or systen changes involving work an open equipment. piping, otta,
which has contained toxis, corrcsive, or radiocactive matarials

. Alumina Trap Fasilities - Trap change and decontaminaticn
Vanlt 16-A Hatarial Starage - Material transfer and sampling
K=33 Feed ~ Sampling and conmecting and disconnscting cylinders
K«101 Coolant Recovery ~ Withdrewal of coolant
K=306~7 Product Withdrawal - Cormecting and discomnecting cylinders

K=ii13 Yeod Producticn Maintenance Shops - Feed production equipment
dspantling and repair

En601 Sampling - Commacting and disconnecting cylinders
K=631 Waste Digposal -~ Connecting and discammecting cylinders to
manifold

k=102l Instrument Shop = Equipment decontamination
E~1037 Valter Arez - Converter choll repair
E=1131 Feed Productiion ~ Sampling and equipment maintenance

29
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Iocations vhere Rsspiratory Proioevive [swices ire fesquivrsd st ORITP
Page 2

Mandatory by Job {Contid)

K=1300 Ares « Flunorirs gensrator repair

K~314O0l Equipment Repeir Shops ~ Valve, motor, and pamp and impsller
repair

K=3110 Equipment Decontamination - Disassembly and deconteminabion
of barrier filters, ash receivers, towers, stc.

X=1l13 Demign and Dsvalopment - Sampling, powdsr handling, equipment
mgintenance, and routine equipment cleaning

K=1}20 Equipment Dscontamination ~ Compressor, comverter, and spool
M amantling and decontamination -« amall parts disassembly and
decantamination

Kelli20 Matorial Recovery - lHaterial processing

K21l Incinsrator - Burning of contaminated materials

SAKserc
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MEETING TO REVIFEW AIR CONTAMINATION AND MONITORING ACT_IVITIES ‘_ 4““ )i—
N s E‘f - -_' \“)L \4 !
Times May 19 19579 2:00 P-llay ’ '\_‘\ \‘\hﬁ'\}l..‘.n w-‘%_\"
Room B-2hk, K-1COL Building ETT A
: \,T‘—g,/\ S
Attendance: -

K. M. Jones, Production Divisiony J. W. Arendt, Process Engineering Division;

E. G, Bollinger, and B. H. Thompson, Chemical Division; M. B. Herskovitz, T. J.
Lewis, J. R. Mahoney, R. W. Schede, and W, C. Warram, Plant Engineering Division;
H. F. Henry, and W. L. Richardson, Industrial Relations Division.

Representatives of the operating divisions having the principal problems of
uranium air contamination met with engineering and staff health physics organi-
zations tc review data concerning the adequacy of the present control and
monitoring programs associated with these problems.

Data obtained in the staff health physics air monitoring program for the years
1955, 1956, and the first quarter of 1957 were briefly reviewed bty Dr. Henry,
and the attachments summarize the information presented. From these, it was
noted that contimuous long-term sampling is carried on in all locations where
the prcbability of sericus air contamination problems exist with an average

of approximately 900-1000 shift-length samples being obtained monthly, and
that the average air activity in these locations has remained at about 10% of
the P.A.L. of 1 c./min./ft.3, It was pointed out that these results could be
high as campared with the average air breathed by persomnel, since they in-
cluded those samples which were in progress at the time of any material
releases in the locations involved which could result in comparatively high

air activities, and during which any employees working therein would normally
be wearing respiratory protection; in addition it was noted that, although
these results probably give a good picture of the average air activity in their
vicinity and thus in the locaticns concerned, they obviously are indicative
only as far as the actual air breathed by any one individual would be concerned.

In reviewing these data, it was the opinion of the group that the average air
activity in these locations was not such as to indicate a problem and that the
monitoring program was adequate. However, it was also recognized that no record
of the results of short-term sampling as performed by operating groups was sSo
maintained as to form a part of the official plant record of air contamination,
and the group thus recommended that the various groups concerned make arrange-
ments to forward copies of the results of their air samples to the Safety, Fire,
and Radiation Centrol Department as is now done with their routine surface con-
tamination checks. It was also noted that arrangements should be made to be
sure that the air levels for those jobs where air contamination is a possibility,
such as those involving the opening of process systems, are pericdically re-
checked, especially in those cases where the equipment or methods used are altered.

A partial list of jobs requiring respiratory protection as prepared by the health
physics group was also briefly reviewed, and representatives of the operating
organizations present indicated that they would review operations with a view
to completing this list. It was also ncted that the use of respiratory protection

14
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has been considerably stepped up as a result of the emphasis placed upon its
importance last year, and it was the cpinion of the committee that general
compliance with plant requirements for such usage was good; otherwise, it was
considered probable that more positive urinary uranium results would result.

In a review of the general problem of hazards due to the radioactive properties
of uranium, it was again noted that although surface contamination, as such,
presented no particular prcblem except as it could become air-borne, it did
present a convenient method for determining where there was a possibility of
air-borne contamination, and, if it reached levels previously determined, it
could actually present an air-borne problem.

Mr. Arendt and Mr. Jones stated that they felt more sampling should be performed
by the cperating groups, but that trouble had been encountered with the Staplex
Hi-Vol sampler "burning up." According to Mr. Mahoney, this might be expected
if the Staplex sampler were used for continuous work instead of short-term
sampling, and he agreed to test some Staplex samplers to determine the actual

cause of the "burn-up” and if any simple precautions could be taken in the
future to prevent it.

The other types of samplers currently in use in the plant were briefly mentioned.
In addition to the Staplex unit, which is basically most useful for short-term
monitoring, these included the types of units used for long~term sampling and
powered by a Cenco vacuum pump and a Gast vacumm pump, respectively; the latter
uses a much lower air flow and smaller filter paper than the former. One dis-
advantage of all of these samplers, as was pointed out, was the necessity for
a comparatively long wait to obtain useful data concerning the air activity
with the result that the information thus obtained was useful primarily for
record purposes. Accordingly, an impactor-type head which could be used with
the Staplex sampler was briefly demonstrated as one of the efforts being made
to meet this objection. Several of these heads are now available, and plans

are under way for their calibration which should be completed within the next
3 months,

Other projected air samplers were also briefly reviewed. These included the
preliminary model now in plant use which samples and prints the average air
activity at half-hour intervals with the counting being performed at the

machine scme 5 hours after the sample is taken to permit the dying out of radon
and thoron alpha-active daughters. In addition, the 2 similar prototype samplers
which have just been completed at the ORGDP to perform the same function were
mentioned as well as the fact that they are currently undergoing field tests

and should be available for general plamt use in a few weeks. Pictures of these
2 prototypes were made available by the engineering groups, and it was noted
that 8 similar units are now being purchased with delivery expected in June.

The engineering groups also discussed the status of development activities
with a continuous sampler using the impaction principle which will permit
prompt measurement and recording of air actiwvity and which can be fitted with
high-level alarms which were ccnsidered very desirable by the operating groups,
It was indicated that this instrument should be ready for field testing and
checking in about 6 months. The possibility of obtaining any of these in-
struments from commercial sources was considered very slight except on a
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special contract such as that under which the 8 units on order are being
procured.

The consensus of the group was that present monitoring and control of the
alpha air activity in the plant was probably adequate but that it would

be desirable for operations personnel to perform more air monitoring,
especially on specific jobs, and forward the data to the staff groups con-
cerned. Continuation of the development and testing of the air monitors
available and proposed was also considered desirable. With respect to
plant personnel, the problem seems to be that of all safety-type activities
in seeing that employees are aware of the hazards and take adequate pro-
tective steps against them.

HFH:1ja Richardson

W. L.

Attachments: ORGDP Air Activity - 1955 - 1956 - 1957
(Through March) - 5-17-57
ORGDP Long-Term Air Sampling - 1955 - 1956 - 1957
(Through March) - 5-17-57
ORGDP Short-Term Air Samples - 1955 - 1956 - 1957
(Through March) - 5-17-57
Locations Where Respiratory Protective Devices
are Required at ORGDP - 5-17-57

c. ¢+ Those Present
Mr. K. W. Bahler
:Mr., A. P. Huber
m. D. MQ Laxlg
Mr., J. A« Marshall
Mr. J. A, Parsons
Mr. M. F. Schwenn
Mr, H. G. P, Srvder
No RC
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CGAK RIDGE GASEOUS DIFFUSION PLANT

ATR ACTIVITY - 1955 - 1956 - 1957 (THROUGH MARCH)

1. Long-Term Air Activity (Shift Length)

# # Samples % Samples Average
Quarter Samples > P.AL. > P.AL. Activity

Jan-Mar, 1955 1409 31 2.2% 0.17
Apr-Jun, 1955 1885 19 1.0% 0.3L
Jul-Sep, 1955 1569 7 L.5% 0.03
Oct-Dec, 1955 2131 L5 2.1% 0.12
Jan-Mar, 1956 3016 51 1.7% 0.12
Apr-Jun, 1956 2816 61 2.1% 0.17
Jul-Sep, 1956 2610 2L 0.9% 0.09
Oct-Dec, 1956 2689 33 1.2% 0.08
Jan-Mar, 1957 2633 21 0.8% 0.07
2. Short-Term Air Activity

# # Samples % Samples Average

Quarter Samples > P.A.L. > P.A.L. Activity®

Jan-Mar, 1955 253 28 11.1% 0.77
Apr-Jun, 1955 23L 10 L.3% 0.25
Jul-Sep, 1955 263 6 2.3% 0.13
Oct-Dec, 1955 228 12 5.3% 0.L46
Jan-Mar, 1956 205 2L 11.7% 5.00
Apr-Jun, 1956 203 11 5.L4% 0.L5
Jul-Sep, 1956 187 9 L.8% 0.33
Oct-Dec, 1956 192 1L 7.3% 2,00
Jan-Mar, 1957 206 1L 6.8%2 0.37

* Results not considered especially significant since such sampling is_frequently
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chcsen to give the highest possible activity, and any employees involved
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OAK RIDGE GASEOUS DIFFUSION PLANT

LONG-TERM AIR SAMPLING - 1955 - 1956 ~ 1957 (THROUGH MARCH)

Samoli
Location iaaxggnts Sampling Program Status
Area III Line Recorder and Seal Exhaust l* Continuing
Pumps

K-33 Cascade Feed 1 Continuing (started in 1955)

K-131 Cascade Feed 1 Discontinued - function moved
to K-33

K-131 Waste Solutions Recovery Building 1 Discontinued - function moved
to K-1420

K-306-7 Product Withdrawal 1 Continuing

K-413 Feed Production Maintenance Shop 1 Continuing

K-601 Sampling Building ‘1. Continuing

K-631 Waste Disposal 1l Continuing

K-1037 Melter Area 1 Discontimued - no air problem
indicated; periodically audited

K-1131 Feed Production Area 5 Continuing

K-1231 Uranium Pulverizer Area 1 Continuing

K-1301 Oxide Conversion Discontinued - operations
terminated

K-1401 Axial Flow Compressor and 1 Discontinued - function re-

A11is-Chalmers Pump Shop quiring monitoring moved to

K-1420

K-1401 Converter Preparation Area 3 Discontinued - no air problem
indicated; periodically audited

K-1410 Equipment Decontamination 2 Discontinued - primary function
moved to K-1420

K-1413 Design and Development 2 Continuing

K-1420 Equipment Decontamination and L Continuing (started in 1955)

Recovery

* Sampling point rotated among several locations within the area.
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OAK RIDGE GASEOUS DIFFUSION PLANT

SHORT-TERM AIR SAMPLES - 1955 - 1956 - 1957 (THROUGH MARCH)

LOCATIONS WHERE AUDIT SAMPLES WERE OBTAINZD BY THE HFALTH PHYSICS STAFF GROUP

Location

Vault 1-X Material Storage
Vault 8-A Material Storage
Vault 15-A Material Storage
Vault 16-A Material Storage
Vault 16-A Office

Vault 17-A Material Storage
K-27 Booster Stations

K-27 Line Recorder and Seal Exhaust Pumps
K-33 Cascade Feed Room
K-33 Section Alumina Traps
K~101 Coolant Recovery
K-lB} Cascade Feed

K-~131 Feed Production Maintenance Shop
K-131 Waste Solutions Recovery
K-132 Waste Solutions Recovery

K-301-4 Instrument Shop

K-301-4 Instrument Shop Office
K-302-1 Process Equipment Test Loop
K-302-1 Welding Shop

K-302-5 Cold Trap Room

K~302-5 Process Equipment Maintenance
Shop

Location

K~305-9 Instrument Shop

K~305-~12 Process Maintenance Shop
K-306~7 Cylinder Weigh Room
K-306~7 Field Laboratory

K-306~7 Product Withdrawal Station
K-309-3 Process Equipment Test Loop
K-312 Section Alumina Traps
K-312-1 Basement, Production Area
K~312-2 Basement, Production Area
K-312-2 Process Maintenance Shop
K~312-3 Basement, Production Area
K-402~5 Pump Dismantling

K-413 Feed Production Equipment
Electrical Shop

K-4313 Feed Production Equipment
Instrument Shop

K-413 Feed Production Equipment
Maintenance Shop

K-413 Maintenance Office and Lunch Room
K-413 Production Area

K-601 Sampling Building

K-631 Waste Disposal

K-1004-A Sampling

K-1004~J Plutonium Analysis
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ORGDP Short-Term Air Samples - 1955 - 1956 - 1957 -2 -
(Through March) - Locations ¥Where Audit Samples
Were Obtained by the Health Fhysics Staff Group

Location
EE——————

K-303-1 Product Cylinder Shop

'K-303-1 Seal Shop

K-303-6 Field Laboratory

K-303-6 Process Laboratory

X~100L~J Radiochemical Laboratory
K-102); Acid Room and Valve Repair Shop
K~102); Instrument Shop

K-1025 Feed Storage Building

K-1030 Electrical Shop

K-1031 Material Storage

K-1037 Melter Area

K-1131 Feed Production Area
K-1131 Offices and Facilities
K-1131 Process Laboratory

K-1219 Equipment Cleaning

K-1231 Uranium Pulverizer Area
K-1301 Oxide Conversion

K-1303 Converter Cleaning
K-1303 Fluorine Cell Repair Shop

K-1)401 Axial Flow Compressor and Allis-
Chalmers Pump Shop

K-1401 Compressor Decontamination

SAK:1lja
5=17=57

location

K-1401 Converter Assembly amd Retubing

K-1401 Converter Cleaning and Prepara-
tion Area

E-1401 Converter Scarfing

K-1401 Electrical Shop

K-1401 Ferrule Removal Area

K-1401 Spool Modification F-Bay
K-1h01 Vacuum Pump Shop

K-1401 Valve Shop

K-1410 Equipment Decontamination
K-1410 Gffice, Locker, and Lunch Room
K-1413 Design and Development

K-1413 Design and Development Equipment
Maintenance Shop

K-1120 Decontamination Equipment
Electrical Shop

K-1120 Decontamination Equipment
Maintenance Shop

K-11420 Deferruling Booth

K-1420 Equipment Decontamination

K-1420 Large Equipment Decontamination
E-1L420 Process Laboratory
E-1);20 Small Parts Decontamination

K=1420 Solutions Recovery
K-1421 Incinerator Building
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OAK RIDGE GASEOUS DIFFUSION PLANT

SHORT-TERM AIR SAIPLES - 1955 - 1956 ~ 1957 (THROUGH MARCH)

JOBS WHERE AUDIT SAMPLES WERE OBTAINED BY THE HEALTH PHYSICS STAFF GROUP

Locaticn

K-33 Cooling Tower

K-301-5 and K-302-1 Withdrawal Alley
K-303-3 and K-303-4 Withdrawal Alley
K-304~2 Withdrawal Alley

K-304-3 Withdrawal Alley

K-312-1 and K-312-3 Alumina Trap
K-902 Withdrawal Alley

K-902-7 Cell 3

K-1004~B Laboratory

K-1004-B Uranium Analysis

K~1131 Feed Production Area

K-1401 Converter Cleaning Area

K-1401- Compressor Decontamination

K-1401 Cooler Assembly Area

K-1401 Cooler Repair Shop
K-1401 Machine Shop

K-1401 Converter Preparation Area

K-1401 Spool Modification Shop
K-1410 Equipment Decontamination

K-1413 Design and Development
K-1420 Converter Detubing

K~1421 Incinerator

SAK:1ja
5=17-57

Qperation

Preparation for subcontractor

Impeller Change

Inpeller Change

Pump Change

Tmpeller Change

Alumina trap change and decontamination

Compressor and converter change
Cell clean-up after converter change
Uranium sampling analysis

Uranium plating operation

Barrier filter change

Welding inside converter shell

Decontaminating converter spools

Drilling and welding inside convertér
shell

Cooler dismantling

Machining rotors and sanding and balanc-
ing impellers and shafts

Cutting and welding inside converter
shells

Repairing spools

Barrier filter disassembly and decon-
tamination

Operation of Fluorine clean-up reactor

Converter detubing and grinding operation

Burning scrap bags
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LOCATIONS WHERE RESPIRATORY PROTECTIVE DEVICES ARE REQUIRED AT CRGDP

Mandatory by Area

Respiratory protection required for all persons at all times in the following

locations:

K-1131. Feed Production
K-1131 Feed Production
K-1131 Feed Productior}
K-1131 Feed Producticn

K-123] Uranium Pulverizer Area

Mandatory by Job

Drum Dumper Area
Pit Area
Screener Room
U03 Platform
A1l Parts

Respiratory protection required for all persons in the affected area when
systems are opened or until the job listed is completed, if uranium air con-

tamination is probable.

Cascade Buildings

Other Process Buildings
Alumina Trap Facilities
Vault 16-A Material Storage

K~33 Feed

K-101 Coolant Recovery
K-306~7 Product Withdrawal

K~-413 Feed Production Maintenance
Shops

K-601 Sampling

K-631 Waste Disposal

K-1004-L Pilot Plant

K-1024 Instrument Shop
K-1037 Melter Area

oy ey > ., v ————T— W T P T e AR

Changing pumps, seals, converters,
and impellers - grinding and buffing
contaminated equipment

Process piping and equipment repair
Trap change and decontamination

Material transfer and sampling

Sampling and connecting and dis-
connecting cylinders

Withdrawal of contaminated coolant

Connecting and disconnecting cylinders

Feed production equipment dismantling

and repair

Connecting and discommecting cylinders

Connecting and disconnecting cylinders

to manifold

Changing pumps, seals, converters, and

impellers - grinding and buffing con-

taminated equipment
Equipment decontamination

Converter shell repair

PP e e ax e g e o o g pr————— =~
N ST I TN it [
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Locations Where Respiratory Protective Devices -2 -

are Required at ORGDP

Mandatory by Job (Cont'd)

K-1131 Feed Production

K-1401 Equipment Repair Shops
K~1410 Equipment Decontamination
K-1413 Design and Development
K~1420 Equipment Decontamination

K-1420 Material Recovery

K=1421 Incinerator

SAK:1ja
5-17-57

Sampling - maintenance on powder screws,
reduction trays, hoppers, fluorination
towers, barrier filters, and other
process piping and equipment

Repair of uranium contaminated valves,
motors, pumps, and impellers

Disassembly and decontamination of
barrier filters, ash receivers, towers,
ete.

Sampling, powder handling, equipment
maintenance, and routine equipment
cleaning

Compressor, converter, and spool dis-
mantling and decontamination -~ small
parts disassembly and decontamination

Material processing and oxide conversion
operations

Burning of contaminated materials



INTER-COMPANY CORRESPONDEN CE
UnioN CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation

To: Dr. B. F. Henry Plant: Oak Ridge Gaseous Diffusion
Date:  ppril 29, 1957

Copies To: Subject:  Ajr Sampling Program, ORGDP

Attached hereto is a listing of plant locations where air sampling
is nomally performed, together with the average number of samples obtained
per quarter over the past 2-year period. The status of the Constant Air
Monitoring equipment is as followss

A, Plant Fabricatad Air Monitors 522

1, B8=31-55 = E.S.0. 19321 initiatsd requesting complete design and,
when approved, to prepare work orders and act as Safety and Proe-
tection representative to fabricate monitors at ORODP.

2. Account closed temporsrily on account current lack of funds; ree
opened 9=29-55 and Engineering Department (J. Loupe) notified.

3. Job reschaduled by Loups 10-25=55 calling for design completicn
by 1115553 procurement complste by 1-15e5€.

e Le2<56 - Report of account #1902-887, estimetsd cost of plent
fabrication and ongineering expence.

< “. S, k=356 - Work Order No. 708169 issusd to Maintenance - Heissued
on 5/31 as M-19321-02,

6. Design and procurement of components continue through Octobsr,
1956 before shop work is sctually scheduled. Meeting heid,
attonded by Mesars, Ulm, Loups, Henry, and Becher agreed that
Engineering will follow as ocur representative and November 25,
1956 set as completion date,

7. 11«28«56 - Job incomplete, hardly any shop work done; H. Shnider
to advise new scheduls; 12=3=56 set as completion date for shop
work and 12-1L=56 for Instrument Depariment work.

8. Instruments completed and deliversd on 3-1-57 j calibration
studies begin to determins counting and collection efficiency of
the constant air monitors. S3tudy also made to set up simplified
calibration procedure which could be used by operating groups
in the field. This last study completed during wesk of

WCX.-163 (8-55) This form for Inter-Company Correspondence only




B

9., Instruments schadulad for field asiignment Moy 1, 1657 at
K=f01l :nd K=306-7.

iizht Const:int fir Moni<ors - Contrector-inulit

AFB:

Atts

NoRC

1. 7=13=5¢ « E,S.0. M=20782 issued to complste drawings and specifie
cations and procurement.

2. 9=10-55 - Specificetions not completed - promised for $-1-56.

3. 11=1£«86 - Drawinos approved.
be 12-7=-5f ~ Purcihsse Recuisition No. D-110020, iAccount No. 1307¥-

20782-£0 issued tc procure O sach Constant Air Monitors; approved
12"19-560

5. 1357 - Speciel Cost Collect Account opened to accumulate
costs.

6., 2-18-57 - First instrument due 6-15-57; remzinder due within 30
days following accgptance,

Notes A 30-day extension was granted beyond the original
date of “ay lu, 1657 due to En;ineering changes by UCNC.

7o L=18-57 - 6 copies of “anufacturer's Drawings and Specificztions
ferarded to Instrument Engineering by “aterial Control Departe

ment for approval; J. Loupe advises that manufacturer is on
schedils.

4

Al F; Becher
safety and iaalth Physics

msp

chment
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INTER-COMPANY CORRESPONDENCE
UNION CARBIDE NUCLEAR COMPANY

Division of Union Carbide Corporation

To: Safety and Health Physics Plant: Oak Ridge Gaseous Diffusion
Engineers and Surveyors
D‘te: April 20, 1959
Copies To: Dr. H. F. Henry Subject: Continuous Air Monitor

Operating Instructions
and Calibration Data

Attached are data and basic information relating to the over-all
counting and collecting efficiency, calibration procedures, and
operating instructions for the subject instrument. Currently,,18
of these units are assigned to operating groups and 2 units are to

be maintained by our groups to cover locans, replacements, and special
survey requirements.

Items B and C in the attachment cover basic development criteria
for initial calibration study; however, items D through G, inclusive,

delineate calibration check procedure, operating instructions, and
adjustments.

As in the past maintenance and repair work will be handled

directly by the operating group involved. We will continue to be
responsible for the followingz

'1.. Field check during regular audits, noting time, date,
instrument location, and operating condition.

2. Continue follow-up training with operating supervisors
to acquaint them with calibrating and operating techniques.

3. Replacement of filter paper and register tapes monthly.
A note should be made at appropriate place on tape reflect-
ing any unusual operating condition,.change in location, etc.

4., Identification of tapes signed by the auditor and forwarded
to the records unit for file.

5. Liaison with Instrument and Engineering Department, and
Stores Department to expedite repair, spare parts, etc.

AFBsla A. F. Becher
Safety and Health Physics

Attachment

Continucus Air Monitor Calibration and

Routine Operating Procedure - 4/16/59
No RC -~ 2

WOX-163 (3-48) This form for Inter-Company Correspondence only >



A.

B'

CONTINUQUS AIR MONITOR CALIBRATION AND ROUTINE OPERATING PROCEDURE

Introduction

The continuous air monitor is designed to continuously collect 30-
minute air samples, count the alpha particles emitted from the
material collected, and record the results in terms of percent of

the P.A.L. for air contamination due to uranium. (P.A.L. = 1 count/

minute/?t.3 of air.) A five-hour delay between the beginning of
sample collection and the end of a sample counting eliminates
radiation background due to alpha particles which are emitted by
the naturally occurring radon and thoron daughter products which
are always present in the atmosphere in varying amounts.

The monitor is provided with two count-recording registers. A half-
hour register accumulates the 30-minute "“count rate" of the scaler
and clears and prints this total in terms of percent of P.A.L. each
half-hour period. Whereas the eight-hour register accumulates,

then clears and prints the average activity of the (16) half-hour
samples taken during an eight-hour period in these same terms.

Ample space is provided on the register tapes to make such nota-
tions as may be needed to identify locations sampled or conditions
existing during sampling periodss the date and time the samples

are collected is automatically recorded.

Experimental Determination of Counting Efficiency

1.

2.

The counting efficiency of the monitor was determined experi-
mentally by releasing normal uranium as UO3, UF4, and UFg (to
produce U02f2) in an enclosed area and collecting air samples
of each compound. The samples were counted on a "standard"
air monitor and the counting rate thus obtained was compared
with the disintegration rate of all of the material collected,
as determined by an analysis of the "“ashed down" sampless

a 15¥% average counting efficiency for air samples was obtained
for the “standard" monitor.

At this same time, a plated uranium “standard" one-inch in
diameter and having a count rate of 5578 counts/hinute was
counted to provide a means for checking the counting efficiency
of the monitor. The average count rate of 4527 counts/binute
obtained indicated a counting efficiency of 81.2% for the
monitors. Thus, the expected count rate for any comparable
source will be 81.2% of the value shown on the source in
counts/hinute if the detector being checked has the same
counting efficiency as the "standard" monitor. The air

samplé counting efficiency of other monitors is determined

£3



by multiplying the experimentally determined efficiency of
the "standard" monitor by the ratio of the actual and the
expected count rates from a comparable standard plated film.
(See attached sample calibration data sheets.)

Calibration

The performance of each monitor was checked initially against

the "standard" instrument before the monitor was placed in field
operation. Subsequent calibration checks are made at periodic
intervalss the frequency of such checks depending upon operating
experience. In general, weekly calibration checks are sufficient
to assure dependable operation. The following procedure covers

the proper method of making the original calibration and subsequent
calibration checks of a typical air monitor.

1. Obtain an air-flow rate correction for rotameter readings,
using the following methods

a. Set the rotameter at two and read the vacuum gauge.
Record both readings on the prepared calibration data
sheet and repeat the process at rotameter settings of
three, four, five, and six.

b. Obtain pressure correction factors for each vacuum
gauge reading and record.

C. Multiply rotameter setting by the correction factor
to obtain the true flow rate (record as Required Air
Flow - F - Sample 1).

d. Plot a curve of Rotameter Setting vs. Required Air
Flow - F (Sample 2).

2. Determine the correct operating voltage and sensitivity
settings. The sensitivity is set at one-fourth volt by
the Instrument Shop and should not normally require

changings however, the point indicated on the calibrated
dial should be recorded.

Methods

a. Check the detector tube height adjustment to assure
that the window mounting ring is flush with the
bottom of the holder.
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Center the detector tube on the standard plated uranium
source furnished with the monitor.

Set the scale factor on 64 and take a series of counts
at detector voltages ranging from 850 to 1250. Normally,
the operating voltage should never exceed 1230 volts.

Using the calibration data sheet, record detector voltage,
register counts plus any remaining lights on the scaler,
half-hour register counts, eight-hour register counts,
scale factor, and counting time. All register counts
should be essentially the same.

Using data obtained on the scaler, calculate the scaler
total counts per minute (c/m) and plot alpha c¢/m vs.
detector head voltage with voltage as the abcissa.

Select as the operating voltage a point which falls in
the middle of the plateau of the curve (usually, this is
about 1000 volts) and record.

Place the detector tube on a piece of clean paper and
take a five-minute background count at the voltage

selected in f. above. The background should not exceed
about 0.2 counts per minute.

Obtain average counting rate of plated uranium standard.

Methods

de

b.

Place the detector tube on plated standard making certain
the standard is centered under the detector.

Count the standard four times (three-minute counts) at
the selected operating voltage and sensitivity settings,
record the data, and determine the average counting

rate (02). The average count rate should be about 80%
of the value shown on the standard.

Compute the acceptable range of Co for subsequent checks.

Acceptable count range = Co T ad G .

Determine air monitor counting efficiency, G, (Sample 3).

Methods

de

Obtain the average counting rate (Cp) of the monitor for
a one-inch diameter plated uranium standard (Cy).
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b. Counting efficiency (G) of air monitor being calibrated
is given bys
C
G = 2 x 0.15 where
0.812 Gy

C1 = Counting rate of one-inch diameter uranium
standard in counts/minute obtained by the
"standard" instrument.

Co = Average counts/hinute obtained on air monitor.

5. Determine flow rate (F) at which monitor must be set.

Methods
F = 0.5662 where
G
G = Counting efficiency determined in 4. above.

6. Set rotameter at the proper flow as interpreted from graph
of true air flow vs. rotameter reading.

B. Calibration Check (Sample 3)
Method:s

1. Turn scaler high voltage switch to "off" position.
2. Disconnect high voltage lead to detector tube.

3. Remove sampler hood.

4. Remove detector tube and center it over the plated uranium
standard provided.

3. Replace high voltage lead and turn high voltage to "on"
position.

6. Adjust voltage to value shown on calibration log sheet.

7. Turn scale factor to 64.

8. Count the plated standard for ten minutes and calculate
the average count rate. If the counting rate falls within
the acceptable range recorded on the calibration log, no
changes are required. However, if the counting rate does
not fall within the acceptable range, enter the new rate
under Cp on the calibration log and calculate new values

for acceptable range, counting efficiency, and air flow
required.
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Obtain the new rotameter setting from the air flow
correction curve, record the value, and adjust the
rotameter accordingly.

Operation

Air monitor start-ups

1.

2.

3.

4.

Scaler

Turn master and high voltage switch to "off" position and
turn high voltage control to extreme left.

Registers

Turn on-off switches on both registers to "off" position.

Turn instrument switch located on pump end of monitor to
"on" position.

Scaler

a. Turn master switch "on" and allow one minute for warm up.

b. Turn high voltage switch "on," wait until the meter needle
moves upward, then set the detector voltage at the calibrated
value by turning the voltage control to the right.
Cautions DO NOT EXCEED THE VOLTAGE AT WHICH THE MONITOR

WAS CALIBRATED.

Cc. Set scale selector switch to 16.

d. Clear scaler by operating reset control and moving
knurled wheel upward until the manual register on the
scaler is at zero.

e. Turn the count switch to "on" position.

" Registers
a. One-half hour register

(1) Turn on-off switch to "on" position.

(2) Push red button to actuate the printing mechanism.
The time and accumulated count will be printed, the
register will "clear," and the time wheels will
advance one-half hour.
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(3) Set printer to read five hours prior to the present
correct time by actuating the manual control (red
button). Exampies If the correct time is 10:15 a.m.,
the last time printed should be 5:00 a.m. The first
five printed represents5s00 a.m., and the second five
printed represents 5330 a.m.

(4) Set the timer clock at the correct number of minutes
beyond the hour. Examples If the correct time is
10:15 a.m., set the timer at 15.

b. Eight-Hour Register
(1) Turn on-off switch to “on™ position.

(2) Depress red button to actuate printing mechanism. The
time, date, and accumulated count will be printed, and
the register will "clear.”

(3) Set the time and date print wheels to read five hours
prior to the present correct date and time by depressing
the release lever on the side of the stamp and advancing
the print wheel manually. The selected time should
correspond to that of the one-half hour register.

(4) Set the timer clock to read the number of hours and
minutes after the beginning of a shift, which is
indicated by the time selected in (3) above. Shifts
begin at 12 midnight, 8200 a.m., and 4:00 p.m.

6. Set Air Flow Rate

a. Turn pump switch to "on" position.

b. Set rotameter to the value shown on the calibration log by
adjusting the flow valve.

7. Check Pump 0il Level

See instructions printed on oil level indicator.

F. Changing Filter Paper: (Stores Catalog No. 15-157-0502)

1. Scaler

Turn master and high voltage switch to "off" position and
turn high voltage control to extreme left.

2. Power Supply

Trip both power breakers to "off" position.



4.

Detector Head

Unscrew and remove high voltage cable connection.

Aluminum Cover

Remove cover in a level position taking care to pull the air

intake funnel away from the filter paper to avoid cutting the
paper.

Installing New Roll of Paper

a. Loosen clamp nut located between the two sprocket chain
drives on the paper take-up end.

b. Slide slotted bracket located between the two chain
sprockets clear of take-up reel shaft.

c. Pull roll of used paper and drum out of the slot and remove
chain from sprocket.

d. Clear the drum of used paper.

e. Insert paper drum back in position by reversing the
removal procedure.

f. Loosen tension rubber guide rollers at paper drive drum.

g. Pull paper holder and paper spool out of the slot on the
inlet end of the paper drive unit.

h. Install new roll of paper so it unwinds upward from the
outside, positioning it so it unwinds clockwise with the
paper coming off of the bottom of the roll.

i. Feed the paper over the guide roller, under and up around
the suction head, then over the top of the support rod
and between the shelf and scintillator tube. Pull about
eight inches of slack in paper and feed end of paper
around paper drive drum and then over the guide roller.
Tighten guide rollers just enough to hold paper on drum.
Place end of paper on the center of the take-up drum
and attach with tape removing any slack in paper. Manually
actuate paper drive ratchet relay two or three times to
ascertain if paper drive is operating satisfactorily.
Reposition paper alarm trolley shoe and make certain it
is riding on surface of the paper.

je Re-install cover being careful to avoid damage to papers;
reconnect high voltage lead to detector head.

%
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Removal of Register Tapes at the Close of Each Calendar Month

a. Wind the balance of the paper tape until all printed
matter is on rewind spool.

b. Cut tape off where it leaves the paper guide.

Cc. Remove clip from tape spool on lower left-hand side
and carefully slide tape from spool.

Replacement of Register Tape

a. Remove tape roll retainer wing nut on lower right-hand
side of spool and remove any remaining tape.

b. Install new tape roll on spool so that tape unwinds in

a clockwise direction and replace wing nut and tape
retainer.

c. Insert tape within flanges of paper guide.

d. Place tape between tape feed rollers with approximately
a six-inch leader strip.

e. Wind tape once around lower left-hand spool and slip tape
clip in groove with paper between spool and clip.

G. Routine Check List (Check each shift)

l.

See that filter paper is not broken; this should be detectable

by activation of the alarm bell mounted underneath the top
shelf. Rethread if necessary.

The following should correspond to data shown on the calibration
sheets:

a. High voltage setting.

b. Scale factor (16).

c. Rotameter setting.

Count switch should be in "count" position.

Pump and instrument switches should be in "on" position.

0il in pump reservoir should be in accord with instructions
printed on oil reservoir. Service with S.A.E. No. 10.

Time registered on recorded tape should be five hours
earlier than the correct time.
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7. Check the half-hour recorder tape. If a series of readings
show no variation, the instrument is not operating properly
and any of items 1 through 4 above could be at fault.

8. Date and time registered on eight-hour recorder at the last
time shown should be the end of the previous shift, i.e.,
4200 p.m., 12 midnight, or 8300 a.m.

9. Note any change in location of the sampler at the appropriate
place on the register tape, as well as any unusual condition

such as power failure, instrument repair, replacement of
tape, etc.

Attachmentss
Sample Calibration Sheets (Samples 1-4)

Safety and Health Physics
Industrial Relations Division
April 16, 1959
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SAMPLE 1
CALIBRATION DATA

Continuous Air Monitor Serial No. 10 Dates 11/4/58
Calibrate on scale of 64 - Operate on scale of 16 Bys U. Man
Scaler 1/2-Hour 8-Hour Counting Scaler
Detector Register Number Register Register Scale Time - Total
Voltage Counts Lights Counts Counts Factor | Minutes c/m
Response Curve
850 131 31 131 131 64 3 2805
900 198 8 198 198 64 3 4227
950 205 10 205 205 64 3 4377
1000 206 6 206 206 64 3 4397
1050 205 17 205 205 64 3 4379
1100 206 21 206 206 64 3 4401
1150 207 52 207 207 64 3 4433
1200 256 33 254 253 64 3 5472
1250 375 27 343 355 64 3 8009
Average Counting Rate - Gy
1000 206 10 64 3 4398
1000 206 48 64 3 4411
1000 . 205 51 64 3 4390
___looo 207 0 64 3 4416
AVERAGE Co | 4404
Source No. 2096 Detector Head No. 836
Activity 5587 c/m Sensitivity Setting __70
Rotameter Vacuum Gauge Correction Required Air Flow - F
Setting Reading Factor (True Flow Rate)
Air Flow Rate Correction Curve
2 2.75 0.943 1.9
3 3.75 0.924 2.8
4 5.10 0.898 3.6
0 6.40 0.872 4.4
6 7.90 0.842 5.1

Safety and Health Physics
Industrial Relations Division

April 16,

1959
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Calibrate on scale of 64

Operate on scale of 16

SAMPLE 3
CALIBRATION LOG

Continuous Air Monitor Serial No.

Detector Operating Voltage

10

Detector Head No.

—1000
836

Calibration Check

Air Flow (CFM)

Alpha ¢/m Acceptable Range Cou?t%ng
Efficiency Required | Rotamete
Date Cy Cy c2 + . Co | Cy - 2 Qiz G F Setting
11-4-58 5587 4404 4537 4271 0.146 3.88 4.3
12-4-58 5587 4387 Calibratior] check - no {change required.
1-4-58 5587 4500 Calibratior] check - no |change required.
-+ 2-4-58 5587 4200 4330 4070 0.139 4,07 4,46
O
C; = Counting rate of one-inch diameter plated uranium standard.
Co = Average counting rate obtained on monitor for above standard.
G = Calculated counting efficiency.
F = Required air flow.
Co
F lass G = ——=—01 x 0.15
ormulas T Cl X 1
F = 0.566

Safety and Health Physics

Industrial Relations Divisioq

April 16, 1959
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SAMPLE 4

CONTINUCUS AIR MONITOR - PRESSURE CORRECTION FOR ROTAMETER

In. Hg Correction In. Hg
Vacuum Factor Vacuum
0.00 0.;90 5.25
0.50 0.982 ' 5.50
1.00 0.975 5.75
1.25 0.970 6.00
1.50 0.967 6.25
1.75 0.963 6.50
2.00 0.958 6.75
2.25 0.953 7.00
2.50 0.949 7.25
2.75 0.945 7.50
3.00 ‘ 0.940 7.75
3.25 0.935 8.00
3.50 0.930 8.25
3.75 0.925 8.50
4.00 0.920 8.75
4,25 0.915 9.00
4,50 0.910 9.25
475 0.905 9.50
5.00 0.900 9.75

10.00

Safety and Health Physics
Industrial Relations Division
April 16, 1959

Correction

Factor

0.895
0.890
0.886
0.881
0.876
0.871
0.867
0.862
0.857
0.852
0.847
0.842
0.837
0.831
0.827
0.820
0.815
0.810
0.805
0.800
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DETAILED DESIGN OF A FIXED FILTER-PAPER
ALPHA-AIR-MONITOR WITH LESS THAN
15-min RESPONSE TIME

W. O. GENTRY AND G. B. SEABORN
0OAKk RiIDGE Gaseous DIFrusioN PLANT, OAk RIDGE, TENN.
UNITED STATES OF AMERICA

Abstract — Résumé — AvmoTtains — Resumen

Detailed design of a fixed filter-paper alpha-air-monitor with less than 15-min response time.
The primary health physics problem at the gaseous diffusion plants, where uranjum isotopes are
separated, is that of airborne alpha-emitting uranium dust. A programme to provide better in-
strumentation for detecting this dust has been underway at the Oak Ridge Gaseous Diffusion
Plant for several years. This paper discusses a recently developed instrument that provides a
rapid alarm if the airborne uranium dust from a release reaches hazardous levels.

Before its development a delay of approximately 5 h was required to allow natural atmospheric
radioactivity to decay before long-lived alpha emitters from uranium dust could be detected.
This recently developed instrument functions on the principle that when airborne dust containing
natural atmospheric radon daughters is collected, the activity will increase to a quasi-equilibrium
value at which time the rate of deposition will be equal to the rate of decay. The uranium dust
is then observed as a rapid change from equilibrium conditions. A unique feature of the instru-
ment is the use of a special differentiating circuit to actuate an alarm when the rate of increase
of radioactivity exceeds that which can be expected from the diurnal variations in atmospheric
radioactivity levels.

The development model of this instrument uses a vacuum pump to draw air through a filter-
paper disc which collects the entrained dust particles. The alpha radiation from the dust is
detected with a scintillation detector. The electronic circuitry consists of amplifiers and rate
circuits which provide monitored outputs proportional to both the level of radioactivity and the
rate of change in this level. One circuit utilizes a special very high capacity electrolytic capacitor
which has been subjected to extensive testing to determine that certain leakage requirements can
be met. In addition, special attention has been paid to the problem of not actuating the alarm
on statistical fluctuations. Twelve transistors are used in the circuit.

This monitor features small size and simplicity, with an economy in fabrication, operation, and
maintenance not available in other known monitor designs. It provides an alarm within 15 min
when uranium dust concentrations exceed 2.1 X 10-10 pcfcm3 (three and one-half times the
maximum permissible concentration for a 40-h week exposure). Additionally, it can be used to
measure the average weekly uranium dust concentration by the removal of the filter disc and the
measurement of its radiation level after an appropriate decay period.

Détecteur d’aérosols contenant des émetteurs alpha, muni d’un papier filtre fixe, 4 temps de
réponse inférieur 4 quinze minutes. Dans une usine de séparation des isotopes de I'uranium par
diffusion gazeuse, les particules alpha émises par les aérosols d’uranium posent un grave probléme
de radioprotection. A 'usine de séparation par diffusion gazeuse d’Oak Ridge on a entrepris, il
y a quelques années, I'exécution d’un programme qui a pour objet de perfectionner les appareils
de détection des aé1osols. Le mémoire décrit un appareil récemment mis au point qui déclenche
rapidement un avertisseur si le dégagement d’aérosols d’uranium atteint le seuil de danger.

Avant la mise au point de cet appareil, il fallait attendre cinq heures environ pour permettre
Ia décroissance de la radioactivité naturelle de I'atmosphére avant que les émetteurs alpha a
longue période contenus dans les aérosols d'uranium ne puissent étre décelés. Le fonctionnement
de I'appareil considéré est fondé sur le principe suivant: lorsque I'on recueille des aérosols
contenant des produits de filiation du radon & I’état naturel dans I'atmosphére, I’activité augmente
jusqu'a ce qu'elle atteigne une valeur de quasi-équilibre. A ce moment, la vitesse de dépbt sera
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égale a celle de la décroissance. La présence d’aérosols d’uranium entraine une modification
rapide des conditions d’équilibre, que 'on peut observer. L’appareil a ceci de particulier qu'un
circuit spécial de différentiation actionne un avertisseur dés que le taux d’accroissement de la
radioactivité dépasse celui auquel on peut s’attendre du fait des variations diurnes de la radio-
activité atmosphérique.

Le prototype de ’appareil comprend une pompe a vide qui aspire 1'air pour le faire passer a
travers un disque de papier filtre sur lequel se déposent les aérosols. Le rayonnement alpha émis
par les aérosols est décelé au moyen d’un scintillateur. Le montage électronique comprend des
amplificateurs et des circuits de débitmétres et fournit des données proportionnelles au niveau de
la radioactivité et a la vitesse des variations de ce niveau. L’un des circuits comprend un con-
densateur électrolytique a trés haute capacité qui a été soumis a des essais prolongés pour s’assurer
que certaines conditions de fuite peuvent étre remplies. En outre, il a fallu veiller tout particu-
litrement a ce que des fluctuations statistiques ne suffisent pas pour déclencher I'avertisseur.
Douze transistors ont été utilisés dans le circuit.

Ce détecteur est moins encombrant et plus simple que les autres types connus. Il peut étre
fabriqué a meilleur compte et son fonctionnement et son entretien sont plus économiques. Il
déclenche P'avertisseur quinze minutes aprés que les concentrations d’aérosols d’uranium ont
dépassé 2,1-10-10 pyc/cm3 (soit trois fois et demie la concentration maximum admissible pour
une exposition de 40 heures par semaine). Il peut aussi servir 4 mesurer la concentration heb-
domadaire moyenne d’aérosols d’uranium. A cet effet, on enléve le disque en papier filtre
dont on mesure ia radioactivité aprés une certaine période de décroissance.

IMonpo6uag KORCTPYKIMS BO3AYILHOIO PErHCTPATOPA ATb$a-4acTHII ¢ HAKCHPOBAHHLIM §YMAKHBIM
$aBTPOM cO BpeMeHeM cpaGaTHIBAEME MeHee NSMTHAAUATH MHHYT. OCHOBHON HO3HMETPHYECKOH
opobneMoit Ha ra30BhIX AMGOVIHOHHBIX 3aBOHAX, IAE IPOHCXOHMT pasleicHHE H3OTOIOB
ypaHa, sBISETCA PErMCTPAltiA YPAaHOBOR NIBUIH B BO3IVXe, H3nvyaiouweH annda-yactviel. B
TeueHHe HEeCKONIBKHX JieT Ha OKPHIKCKOM ra30BoM NuGGY3HOHHOM 32BOAE OCYILECTBIIAETCH
oporpaMma pa3paGoTku Gojlee COBEPIIEHHBIX KOHTPONbHO-H3MEPHTENLHBIX NpubopoB st
obHapykeHHA 3TO# meuu. B mannoM noxnane oScyxnaercs paspaboraxuslit HenasHo npubop,
KOTOphI# obecmeuuBaer moAayy OBICTPOro TPEBOXHOTO CHTHalA, €C/IM KOHLEHTPAlHs OCBO-
Goxnarowelics ypaHOBOM NBUIM B BO3AYXe JOCTHIAET OHACHBIX YPOBHEH.

Ho paspabotkd storo mpubopa Heo6xoauma OmUIa OPHUMEDHO IIATHYAcOBas 3alepiKka,
XOTOpas AaBana BpeMsA IS pacmajga ecTecTBEHHOH aTMoctepHOH DagHOaKTHBHOCTH, Npexne
4eM MOXHO ObUIO OOHAPYXHTH HONrOXHUBYIUHE aibda-H3NyyaTeNH YpaHoBOH IbUM. Pa3-
paboTtanHEIX HemaBHO npHOop paboTaer Ha CiegyIOIMEM NOpHHIMIE: Korma coOpaHa MbUIb
B BO3LYXe, COAEPKallas JoYepHHe NPOAYKTEI ECTECTBEHHOr0 aTMOCHEPHOro palloHa, AKTHBHOCTD
BO3pacTeT OO KBa3H-PaBHOBECHOrO 3HadeHHs, NPH KOTOPOM CKOPOCTh OCaXKIeHHst Oyaer pasHa
CKOPOCTH pacnana. B TakoM cilydae ypaHopast bUTh HabmoaaeTcs mo Mepe GLICTPOro H3MeHEeHHs
YCIOBUM paBHOBecHMfA. YHHMKANBHON XapaKTepACTHKOH mnpmbopa sBIsSETCS HCOOJb30BaHHE
coeupansHOK nuddepeHuMpyowe# cxeMbl WIS NOAAYH TPEBOXKHOIO CHIHAlA, KOrAa CKOPOCTh
YBEJIHYEHHUS PaJfOaKTHBHOCTH NIPEBLINAET CKOPOCTh, KOTOPYIO MOXHO OXHIATh OT CYTOYHBIX
KonebaHmil B YPOBHAX DPaNHOAKTHBHOCTH aTMochephl.

B Momenu sroro mprfopa MCIONB3YETCA BaKyYMHBIE HACOC AJist OTKAYHBAHAA BO3AYXa Hepes
6ymMaxHbI GRABLTPYVIOWMI NHCK, KOTOPHIA cOOHpaeT BXOAANME B HErO YaCTHIKGI ObUIH. AUtb(a-
panuanus NBUTH OOHAPYXXHBAETCH C MOMOWILIO CUHHTHIUIAIMOHHOIO AETEKTOpa. DAEKTPOHHAS
CXeMa COCTOMT M3 VCIIIHTeNeH M CKOPOCTHBIX CXeM, KOTOphle obecmeinBaroT nokasaHus obna-
PYXEHHOM DamHOAKTHBHOCTH, TPOMOPLHOHANLHON €€ YPOBHIO M CKOPOCTH H3MEHEHHsS TaKOro
ypoBHA. OnHa CXxeMa HCHOJL3VET CHEeIMANbLHEIN OYeHb MOIIHBIL MEKTPOJIMTHEL KOHIEHCATOD,
KXOTOPBIH OpOolIesT TINATEIbHEE HCOBITAHHA, LI ONPElelicHAs OTCYTCTBHA Kako#-T1b0 YTeUKH.
Kpome Toro, oco6oe BHUMaHHE YISIAIOCH OPOOaeMe NpeRoTBPAlleHHA BO3NeHCTBHA Ha CUTHAN
cTaTHCTAYeCKMX GIVKTyaumii. B Iemd HcOone3yercss ABEHaOMaTh TPAH3UCTOPOB.

3TOT mpROOP OTIHMYAETCH MalibiM Pa3MEPOM, OPOCTOTOH H IKOHOMHIHOCTBIO IPH HPOH3-
BOXCTBE H IJKCIUIYATallAH, KOTOPHIX HEZOCTaeT APYTHM mpubopaMm H3BeCTHOM KOHCTPYKUMH.
KounerTpaima ypasoso#t meutd cBeume 2,1 X 10-10 mmxpoxiopu/cM3 (B TPE C MOJIOBHHOMK
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pa3a GoMNbIIe MaKCHMATBHO JOMYCTHMOHK KOHIIEHTPALMHH s 40-42C0BOrO 06NVIEHHA B HENENIO)
MOXeT B5iTh oBHApYKeHa NpHOGAH3UTENLHO uepe3 15 muuyt. KpoMe Toro, oH MOXET OhTh
HCTIONB30BaH MUIS M3MCPEHHS CPEHHell exeHeeNbHOH KOHUEHTPalMH YPAHOBOH IBUTH MVTeM
yranerus 6yMaxHoro GIILTPa H H3IMEPEHHA €r0 PaANAlMOHHOIO YPOBHS NOCKE COOTBETCTBYIO-
1ero mepuoaa pacnana.

Moenitor de hoja de papel filtro fija para emisores alfa suspendides en el aire, cuyo tiempo de
reaccion es inferior a 15 minutos. El polvo de uranio, emisor alfa, que se halla en suspensién en
el aire plantea el principal problema de higiene radiofisica en las instalaciones de difusion
gaseosa destinadas a la separacién isotépica del uranio. Desde hace varios aiios se esta ejectuando
en la instalacién de difusién gaseosa de Oak Ridge un programa de perfeccionamiento de los
instrumentos para la deteccion de este polvo. La presente memoria discute un nuevo instrumento
que emite ripidamente una seifial de alarma cuando la concentracién del polvo de uranio sus-
pendido en el aire alcanza un valor peligroso.

Antes de que existiera este aparato, eran precisas aproximadamente 5 horas para dar tiempo
a que disminuyese la radiactividad atmosférica natural y que se pudieran detectar los emisores
alfa de largo periodo de desintegracion presentes en el polvo de uranio. El instrumento funciona
con arreglo al siguiente principio: cuando se recoge el polvo que contiene los productos de
filiacion del radén atmosférico natural, la actividad aumenta hasta alcanzar un valor de cuasi-
equilibrio, en que la velocidad de deposicién sera igual a la de desintegracion. La presencia del
polvo de uranio se manifestara entonces por una rapida alteracién de las condiciones de equilibrio.
El instrumento se caracteriza por el hecho de emplear un circuito diferenciador especial que
dispara una alarma cuando la velocidad con que aumenta la radiactividad supera a la que cabe
esperar por las variaciones diurnas de los niveles de radiactividad atmosférica.

El modelo experimental de este instrumento emplea una bomba de vacio que aspira el aire a
través de un disco de papel de filtro que detiene las particulas de polvo. La radiacion alfa que
emite el polvo se detecta con un centelleador. La parte electronica del dispositivo consiste en
circuitos amplificadores e integradores que dan impulsos de salida proporcionales a la cantidad
de radiactividad y a la velocidad con que esta cantidad varia. Uno de los circuitos comprende
un condensador electrolitico especial de capacidad sumamente elevada que se sometié a
numerosos ensayos para cerciorarse de que satisface ciertas exigenciasenlo referentealas pérdidas.
Ademis, se ha prestado especial atencién al problema de evitar que el dispositivo de alarma
entre en accion cuando las fluctuaciones son de cardcter estadistico. En el circuito se utilizan
12 transistores.

El aparato se caracteriza por su pequefio tamafio y su sencillez, asi como por el hecho de que
su construccién, empleo y conservacién resultan mucho mdas econémicas que las de cualquiera
de los monitores conocidos hasta el presente. Da una sefial de alarma en menos de 15 min cuando
Ja concentracién del polvo de uranio supera los 2,1 - 10-10 pcfems3 (tres veces y media la con-
centracién mixima admisible para una exposicién de 40 h por semana). Ademds de emitir esa
seiial de alarma, el monitor permite medir la concentracién semanal media del polvo de uranio,
quitando el papel de filtro y midiendo Ia intensidad de la radiacién después de un periodo con-
veniente de desintegracion de la actividad natural.

1. Introduction

The design of instrumentation for rapidly detecting hazardous dust levels of long-
lived alpha emitting substances such as uranium is complicated by natural atmospheric
radioactivity which results from the decay of radon and thoron gas in the air. These
radioactive gases are exhaled into the atmosphere from the earth’s surface as a resuit
of radioactive transmutation of uranium and thorium which is widely distributed in
the earth’s crust. Although a more or less .constant supply of radon and thoron gases
is given up to the atmosphere, the amount of natural radioactivity near the surface
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490 WILLIAM O. GENTRY AND G. B. SEABORN

of the earth is found to vary widely. This fluctuation results largely from changes in
meteorological conditions that affect the rate of mixing of these radioactive gases and
their daughter products with the major components of the atmosphere.

The decay of uranium and thorium proceeds in accordance with the standard decay
series discussed in numerous textbooks on radioactivity. Pertinent data on the principal
transmutation products of the uranium and thorium series, which are necessary to an
understanding of the problem caused by natural radioactivity when monitoring for
uranium dust, have been compiled in Table I [1] for reference. It should be noted that
uranium is a long-lived alpha emitter with a half-life of 4.55 x 10° yr. The combined
alpha-emitting natural background from radon and thoron daughters has a half-life
of about 46 min. The following circumstances combine to make it difficult to monitor

a working area for airborne uranium dust and sound an alarm when the dust level
becomes hazardous:

(a) The permissible amount of uranium dust in the atmosphere, where workers are
continuously exposed during a 40-h work week, is very small. The plant allowable
limit is 1.4 pe/ft3 (50 x 10-° pcfem?):

(b) The interfering alpha radiation from short-lived radon and thoron daughters is

often twenty times greater than the alpha radiation from the permissible amount
of airborne uranium dust;

(c) It is impossible to collect the uranium dust that results from a uranium hexafluoride
release from a known quantity of air and thereby increase sensitivity without
collecting the radon and thoron daughter products which cling to atmospheric dust;

(d) Natural background varies greatly as meteorological conditions change. Temperature
inversion is a major factor responsible for these variations. Fig. 1 shows a correlation
of temperature inversion and natural background. During a temperature inversion,
radon and thoron accumulate near the earth’s surface causing an increase in radio-
activity. Hence, natural background becomes a variable which may change hourly
and from day to day. Data that demonstrate the magnitude of these variations
are shown in Fig. 2. These data are typical of observations accumulated over a
period of six months while monitoring background to determine the alarm-rate
setting for this instrument:

(e) The size of the dust particles formed during a uranium hexafluoride release varies
and approaches the size of atmospheric dust. An instrument based on the impaction
method of collection covered in a report by Tair [2] was tried as a gross release
detector, but the collection efficiency of UO,F, dust was so low that adequate
sensitivity could not be obtained.

If the atmospheric dust is continuously entrapped on a filter-paper disc, a quasi-
equilibrium condition will occur in which the rate of arrival of new radioactivity is
equal to the decay rate of material previously collected. This equilibrium radioactivity
level will vary slowly as the natural background activity varies. If the instrument
monitoring this rate of change is adjusted so that the maximum rate of increase in
natural background is slightly below the threshold of alarm, then any release above
the rate of background rise will cause the instrument to alarm.

Obviously, the sensitivity of such an instrument is dependent on the rate of background
change. However, the minimum sensitivity, even in the presence of a falling background,

is sufficient to give a warning before a serious hazard has existed for sufficient time to be
injurious to health.

70
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TABLE 1
THE URANIUM AND THORIUM SERIES

l . Type and energy of radiation
(MeV)

Element ! :;::nt;;i i Half life X .
| a ! B | ¥ '
Uranium ' 92 4.5 x 109 yr 421 ' \ i
Radium 88 1600 yr L 419 P09 |
Radon } 86 3.83d P 549 : \
Radium A | 84 3.05 min . 599 ;
Radium B | 82 26.8 min Z 065
Radium C . 83 19.7 min 5.50 3.15 1.8 :
Radium C’ | 84 ! 1.5 x 1045 7.68 '
Radium C’* ' 81 i 1.R2min ' 18 |
Radiom D | & |22y g . 0025 0047
Thorium 90 | 1.34 x 1010 yr | 42 .
Thorium X 88 3.64d I 568 e
Thoron 86 545s ' 6.28 i :
Thorium A 84 0.16 5 R r A ’
Thorium B 82 106 h ; L 036 |
Thorium C 83 60.5 min Poo60s ! 22 .
Thorium C’ 84 3x10-7s 8.77 i .
Thorium C’’ 81 3.1 min ! ] 1.82 . 2.62
Thorium D 82 stable f ; j
1
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Variation of radioactivity and temperature gradient with time
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Typical background charts from fixed filter-paper instrument

II. Design

The major components of the Air Monitor are shown in Fig. 3. The positive displace-
ment vacuum pump draws air at about 5 standard ft3/min (140 1/min) through slots in the
sides of the filter-paper holder and then through the filter paper itself. A vacuum gauge
is provided on the suction side of the pump to indicate the pressure drop across the
filter. The filter is renewed when the change in gauge reading indicates that the air
flow has been reduced by 20%. In most locations a filter will operate for at least 7 d.

SCINTILLATION
DETECTOR

o I3

© 0 0o Fig. 3
RECORDER L. : . ¢
ELECTRONIC PANEL Basic air-monitor instrumen

FILTER PAPER

PRESSURE
GAUGE

YACUUM PUMP

The filter paper, known commercially as “Millipore”* is pure cellulose acetate with
a pore size of 0.8 4 and diam. of 4 in (10 cm). Because of its extreme fragility it is
necessary to use a backup filter of very large pore size for support. As airborne dust
is collected on the filter, it does not become embedded, but tends to lie on the surface,
thus minimizing any tendency of the filter paper to plug.

* The Millipore Filter Corporation, Bedford, Mass., United States of America.
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The Model Q-2101 scintillation detector was developed by the Oak Ridge National
Laboratory. It consists of a 2-in (5 cm) multiplier phototube surveying a square area
4.5in (11.5 cm) on a side. The active element consists of a block of acrylic plastic
0.25 in (0.64 cm) thick with a silver activated zinc-sulphde mixture sprayed on one side.

The other side of the block is light-coupled to the face of the phototube with silicon
grease.

Fig. 4 is a schematic diagram of the instrument circuit. Pulses from the phototube
(T-1) are amplified in a pulse amplifier (T-2 thru T-7) and trigger a one-shot muiti-
vibrator (T-8, T-9) suggested by SpPEAR (3]. The input-pulse trigger level may be adjusted
by the input sensitivity control over the range of 5 to S00 mV. Typical operation is
with an input sensitivity of 100 mV. The counting efficiency at this setting is about

45%; of the total disintegrations, or about 909, of the disintegrations coming off of the
detector side of the filter disc,

The full-scale range of the instrument may be selected by means of the range switch
as either 20000 or 40000 disintegrations/min dependent on the size of a capacitor in
the feedback loop of the multivibrator,

The output voltage of the multivibrator is filtered and amplified by the pulse-rate
bc-amplifier (T-10, T-11) and produces a current proportional to the pulse rate. This
current is monitored by a milliammeter and a minjature strip-chart recorder.

The voltage produced by this output current flowing through a potentiometer resistance
element serves as the input to an Rc differentiating circuit, of which C is a very large
capacitor, and R is a combination of the resistance of the alarm-rate control, the output
resistance of the pulse-rate pc amplifier, and ‘the input resistance of the alarm-rate
bc amplifier (T-12, T-13).

Neglecting capacitor leakage, for a rising voltage whose rate of increase is constant,
the steady-state capacitor-charging current is proportional to the rate of rise. This
current is amplified and presented as a milliammeter deflection.

The alarm-rate control permits the circuit to be adjusted so that any collection rate
between 15 and 1500 pc/min will cause the instrument to alarm. Fig. 5 shows the time
to alarm over a range of collection rates for an alarm rate setting of 17.6 pc/min.

Any leakage current of the large capacitor in the differentiating circuit will act as

In choosing a capacitor for this application, it is necessary to obtain the highest
ratio of capacity to leakage current using voltages within the limitations of transistors.
The capacitor finally selected was a type 32D aluminium electrolytic unit rated at
15000 ¢F, 15 V, manufactured by the Sprague Electric Company, North Adams, Mass.,
USA. The manufacturer of this capacitor is able to obtain extremely low leakage by
the use of very high-purity etched aluminium foil, by using special techniques for forming
the foil oxide, and by the use of a conservative design regarding operating voltage.
When placed on charge at 9 V, the leakage dropped to 0.3 #A within 24 h. A similar
capacitor manufactured by P. R. Mallory and Company, Indianapolis, Ind., USA,
has also performed satisfactorily. The maximum voltage into the differentiating circuit
was chosen as 10 V.
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Alarm time (with alarm-rate control set at 17.6 pc/min)

The alarm-rate control setting is usually adjusted to make the instrument as sensitive
as possible without alarming from increases in background. Since the maximum rate
of rise in background over several months of observations wasabout 40 disintegrations/min,
this rate was chosen as the minimum alarm-rate setting. At this rate, the alarm circuit
voltage will rise 20 mV/min, and the capacitor charging current, based on a 15000-uF
capacitor, will be 5 pA.

In order to prevent the instrument from alarming from statistical fluctuations,
capacitive feedback is employed in the alarm rate amplifier. Since the addition of this
capacitor increases the effective time constant of the alarm-rate amplifier, its maximum
capacity is limited. Additional filtering for damping statistical fiuctuations is not used
in the count-rate pc-amplifier circuit because a very large capacitance would be required,
and the time response of the amplifier would be increased excessively. Both the high
and low-voltage power supplies are commercially available modules.

III. Performance

A prototype air monitor has been built, and has operated in the plant over the past
several months. Beside some malfunctions of a minor nature, operation has been
satisfactory. The instrument has detected known releases, and has not indicated any
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false alarms. The final model of the air monitor is at present in the design stage. Present

plans call for housing the entire instrument in a cabinet 18 in (46 cm) high, 18 in
(46 cm) deep, and 30 in (78 cm) wide.

REFERENCES
[1] LAPP, R, E. and ANDREWS, H. L., Nuclear Radiation Physics, Prentice-Hall, Inc. (1948)
110, 115.
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2



LY

Witk SERVICE AND GOODWILL
15 QUR PRIME - PRODUCT”

A NEW CONCEPT . ... -
PERSONALIZED AIR SAMPUNG

L] vy

PR _' had 2
R Taie R
e

The standard proctics of - locati M W"P“?‘O?

squipment in areas remole ffo;!a*hcwlfom aperg- -,
tionccnnowbc'wmc‘dodbféu“fﬁ“'w' -
sompler. The problem of sampiing in oréas inaceeisible

to larger and heavier ‘squigrhient hos aha besn mini.-
mized, With this LAPEL SAMPLBE you con domeple the -

atmosphere-in the amdb%rmvwfv of ]
is so

individual at hli’iié»&s.’iq_éau}g;
light, the user is :

o akin

a

Since the LAPEL SAMPLUER s
3.5 litars per minute witht |
4V filver paper, s cofl

90 % for particies from 0
minimal corrections for ¢
sible limits for hgzarddus:

Ry

P
R,




e e s g e - —_—

fronics

INC. - g ; ORNIA'

|

SEBVLS AND TGAGTW .




a

Monitor No.

1
2
3
L
5
6
1
8
9
k14
11
12
13
»
5
15

7

b

1
20

/:/ZA-// ,gfa,&/. e -

CONTINUOUS AIR MONITORC
AT ORGIP

Location

K«301=3

K=301=3

E=1131 Tray Arvea

K420 "B" Area

K-1420 Large Equipment

Ke1401 Axial Flow Shop
| K=131 Mointesance Siop

K=501 Building

Ke1401 Building

K631 Building

Ke1k13 Building

K«1420 H Area

K«1l131 Feed Preparation Area

K-1410 Soak Tank Room
K=1131 Cold Trap Area
K-33 Feed Room
K-305-9 P.W. Station
K=1420 "Z" Area
K~301-3 Building

K~301-3 Building

Safety and Health Physics Dept.
Industrial Relations Division

December 7, 1961

Division

Industrial Relations

Industrial Relstions
Producticn

Chemical

Chemical
Malotenance
Haintenance
Production
Maintenance
Production
Technical

Chemical

Production

Chemical

Production
Productirn
Production

Chemical

Industrial Relations

Industriel Relations

PO IRAC-S ) L e i e S RCIIAT 7+ £ Tk g AC LA O S

- S

-

E

3
Lne

F. Becher
F. Becher
Koprowski
Dykstra
Dykstra

G. Sternbe:
L. Luckett
Arendt

0. Sternbe:
Ko imd.e::sox

L. Kaufan

77



) ttachment No. 3

.2:‘ BN :
CORLEN D INTERNAL CORRESPONDENGE
UNION CTARBIDE NUCLEAR COMPAXNY . POST OFFICE BOX Y. OAK RIDGE, TENNESSEE
To (Nemey W, A, Pfeiler Oate December 31, 1963
Company
Location Building 9215 . Originating Dept. 2163
Answering lefter date
Copy to 0. W. Briscoe Subject Uraniun Ansliyses of Aixr
S. H. Cole Samples on Four~Inch
R. H. Kent : Filter Papers
J. C. Thomason
R. G. McMillan (Y-12RC). C

Fluorimetric uranium analyses of fifty routine air samples on four-inch
Tilter papers (Whatma.n No. h-l) have been compared with the uranium contents
computed Zrom alpha counting measurements using the current paper efficiency
of 0.76. This comparison shows that the fluorimetric results averaged 2.14
40,13 times higher than the counting results based on the 0.76 paper factor.

The attached graph presents a swmmary of the results.

E. E. Johnson
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